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Annual Report of the Geological Suevbt of India, and of the Geological 

Museum, Calcutta, foe the tear 1877. 

New grornid, — The field-work of the Geological Sttrvey of India is of two 
kinds: the preliminary exploration of ground regarding which our knowledge is 
cither a blank or exceedingly vague, and the more detailed study of rocks 
the general features of which have been laid down. The latter is essentially the 
more difficult task, and, within certain limits, the more interesting to the geo- 
logist, as requiring the more exact application of the guiding principles of his 
science, and as affording the better opportunity of testing and defining those 
principles themselves. The attractions of the former, both to the worker and the 
looker-on, are its rapidity and the more easy attainment of the sensation of 
adding something to our store of knowledge. In the progress of the Survey, 
the proportions of these two kinds of work undergo a constant change ; but we 
are still far from the state of having no new ground to explore. During the 
past season two such blanks have been approximately filled in. 

I am glad to announce that the principal of these reclaimed territories is in 
the higher Himalaya. Hitherto our work in this most interesting region has 
been in a manner occasional. The circumstance of my connection with the 
College at Roorkee for some years placed me within easy reach of the lower 
Himalaya, and the results of four seasons' work were published in 1864 (Memoirs, 
G. S. I., vol. III). Dr. Stoliczka's zeal for great undertakings led him early 
to urge the exploration of Western Tibet. The result of his observations 
in that difficult region during the summers of 1864 and 1865 were published 
in vol. V of our Memoirs, and were supplemented by his notes on his last fatal 
journey to Kashgar in 1873 (Records, G. S. I., vol. VII). The urgent demand 
for coal in connexion with the Northern Bengal Railway led to Mr. Mallet's 
deputation in 1873 to examine the Damuda rocks discovered in 1849 by Dr. 
Hooker at the base of the Sikkim Himalaya. Mr. Mallet's observations on this 
fringe of the mountain region were published in vol. XI of the Memoirs. The 
foregoing accounts, together with the observations by Captain R. Strachey, R.£., 
in Kamaun and Central Tibet, and published with a map in the Quarterly Journal 
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of the Geological Society, London, vols. VII and X (1851 and 1854), consti- 
tuted so far the only definite materials for a geological map of the mighty 
Himalaya. In 1875-76 the examination of the outer tertiary zone and adjoining 
rocks was carried up to the Jhelum (Records, vol. IX) ; and in continuation of 
this work, Mr. Lydekker, during the past season, has made an extensive explora- 
tion of the mountains north and south of the Kashmir Valley and in the upper 
basin of the Chenab. 

That so little should have been known regarding the geology of such an 
attractive- spot of earth as Kashmir, is a fair indication of the difficulty of the 
ground. Flying observations have of course been recorded, and some bold 
speculations based thereon; but these contribute little towards a definite 
knowledge of the rock-structure. The presence of carboniferous strata was 
long since observed, and the extensive occurrence of eruptive rocks has been 
prominently noticed ; but the relations of aU these to the preponderating mass of 
contiguous unfossiliferous rocks have remained unknown. Mr. Lydekker shews 
that the Kashmir area is a compressed synclinal ellipse, on the pattern of the 
larger features defined by Stoliczka in the Tibetan region, but containing, so far 
as observed, no rocks younger than the trias. The slates of the Pir Panj41 are 
shewn by connected observations to be the equivalents of the Silurian and tn/ra- 
Silurian strata of the Tibetan sections. After some hesitation, Mr. Lydekker 
decided that the trappean rocks must belong to a period of local eruption in the 
upper part of the Silurian series. Although very frequently observed in abrupt 
and troubled contact with the carboniferous rocks, they were never seen to pene- 
trate these strata, or above them. 

On the south-eastern prolongation of the Kashmir synclinal, but separated 
from it by a mass of metamorphic rocks in Kistwar and Badriwar, there is in the 
Pangi district, on the upper Chen&b, a smaller synclinal elHpse, in which only 
the Silurian slates have been found. This basin is cut off to the south-east by 
the gneissic masses of Lahul. This feature of longitudinal structure — the 
recurrence of basins of depression along the same mountain zone — is also a 
character of the more central Himalayan regions, where the great basin of Spiti 
and Zanskar is cut ofE from the very similar basin of Hundes, on the same strike, 
by the metamorphics of North Bisahir. The fact seems to preclude the sugges- 
tion that has been made, that these basins are in some degree aboriginal with 
relation to the included formations. 

The relations of the gneissic series are still the most obscure point in these 
mountain-sections. Mr. Lydekker feels compelled to adopt the view that the 
Pir Panjdl range is, on the whole, a great folded anticlinal flexure, having a core 
or axis of gneiss, the whole stratified series on the outer (south-west) side 
being inverted. In this arrangement, if the gneiss is even approximately con- 
formable with the slate series (as this view implies and as is apparently the case), 
the actual position and structure of this gneiss and of the contiguous slates 
must be due to acts of disturbance common to both ; for, it would seem impossible 
to produce the great fold, and the inversion of the strata on the south-west, if 
the gneiss had pre-existed as a ridge in this position. Again, there are clear 
sections shewing* the slate series to pass ti^ansitionally (by interstratification) 
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downwards into ciystalline schist and gneiss, which certainly implies that the 
conversion of this gneiss is of later date than the deposition of the slates. Yet 
there are observations in this region shewing most indubitably that, during the 
deposition of the slates, a gneiss was undergoing violent denudation, and at no 
great distance: throughout a considerable thickness of strata in Pangi, large 
blocks of gneiss are imbedded in the unaltered slates. From the circumstances 
Mr. Lydekker conjectures that they were ice-borne ; but, however this may be, 
the immediate difficuliy is, that they seem to be of Himalayan gneiss, as they 
resemble it, and are not like any known gneiss of the nearest region to the south. 
If they were derived from any gneiss now exposed in the Himalaya, we may 
surely say that it must be of very different age from the gneiss conformably 
underlying and transitional with these same slates ; and that the unconformity 
between the two series must, at least originally, have been of a very striking 
character, so that the non-recognition of such a feature would vitiate any in- 
dependent interpretation of the rock-structure. The question radically affects 
the view to be taken of the mountain-formation ; but we are still in uncertainiy 
regarding it, no such distinction having been as yet detected in the gneissic masses 
of this region. The great gneissic mass of the Zanskar range is certainly to 
some extent composed of a gneiss associated with the slates; the so-called 
"central gneiss" has also been provisionally identified in it; but no minera- 
logical criterion or stratigraphical demarcation has as yet been attempted 
between them. An account of Mr. Lydekker's observations is published, with a 
skeleton map, in the current number of the Records. 

In this connection I am glad to have to notice the work of a geologist who is 
not on the staff of the Survey, although his observations have been published 
in our Records for the past year. Workers for love of geology have become so 
rare in India that the appearance of one is quite an event ; and Colonel McMahon's 
paper is in good form, representing much hard work in the field and the study, put 
together rationally, without random speculation. His map of the Simla region 
indicates a clue to the structure of the most difficult region of Himalayan geology, 
and an interpretation that may prove of great service is suggested. The ground 
sketched by Mr. Lydekker, although adjoining the great fringing zone of tertiary 
rocks, is strictly on the prolongation of the great central Himalayan range, and 
the structure is on a reduced scale of the same type. The Simla region is 
quite different : it belongs to that broad area of lower mountains which to the 
east of the Satlej separates the snowy range from the plains, and is made up 
of metamorphic and slaty rocks in a very irregular and incomprehensible 
mode of distribution. In the midst of the slate series there is one well-marked 
group, affording the most certain guide to the disturbance of the strata. 
Colonel McMahon has mapped its outcrop over an extensive tract of rugged 
mountains. He has also indicated for this region a probable solution of the 
difficulty noted in Mr. Lydekker 's work regarding the gneissic rocks. He shews 
that the massive gneiss forming several prominent ridges in the lower mountains 
must be the same as the " central gneiss** of the main range ; he describes the 
upper members of the slate scries to be so related to this gneiss as to involve 



4 Records of the Geohgical Survey of India. [vol. XI. 

hhe total overlap of the lower part of the series, and therefore complete un- 
conformity to the gneiss ; subsequent metamorphio action, largely affecting the 
slate series itself, especially at the contact with the older gneiss, has so obscured 
the junction as to make the exact definition of it a matter of great difficulty. 

The other newly reclaimed area is in Peninsular India. The wide tract (some 
300 miles long) between the Mahanadi and the lower reaches of the God&vari, 
although completely surveyed topographically, is one of the least frequented 
regions of the Peninsula. It is a wild hilly country entirely occupied by primitive 
tribes and petty tributary states. From the condition of adjoining areas we 
could only conjecture that it was occupied by Vindhyan and gneissic rocks; 
and such has proved to be the case. During the past season, Mr. Ball made an 
extensive circuit over that ground, and an account of his observations has already 
been published, with a sketch-map, in the Bpccords. 

On the coast side there is a broad mountainous belt (130 miles wide), some 
summits exceeding 5,000 feet in elevation. It is known on both sides to be formed 
of crystalline rocks, and is probably so throughout. West of this there is an ex- 
tensive upland, also largely formed of gneissic rocks, but upon which there 
stand two or more scarped plateaus of flatty bedded sandstone, the principal being 
that of Nowagarh-Kharidl. Further west there is the wide expanse of lower 
ground formed of the shales, limestone and sandstones, occupying the plains of 
Chhattisgarh and the upper valley of the Mahajiadi, and stretching southwards 
to the more elevated land about Bastar. These latter rocks have for long been 
recognised as of lower Vindhyan age ; but Mr. Ball thinks that the Kharial sand- 
stones may represent upper Yindhyans, as they are locally underlaid by shales 
very like those of the Chhattisgarh plains. As yet no upper Yindhyans have 
been identified south of the Son-Narbada valley. That these formations should 
still have to be classed as azoic, is a recurring cause of surprise and disappoint- 
ment to geologists in India. 

In the valley of the Tel and elsewhere in low ground south of the Mahanadi, 
Mr. Ball observed several distant outliers of the Talchir deposits ; while on the 
highest summits visited, both of detached billt^ and within the range of the Eastern 
Gh&ts, he found the massive rock-laterite, giving a plateau character to the other- 
wise serrated mountain-features. This high-level laterite forms, throughout the 
whole of middle and northern India, a thick (50 to 100 feet) level capping to 
most of the highest summits, whatever may be the structure of the underlying 
rocks, and has the same composition, whatever may be that of the rocks it rest 
upon, so that it cannot in any way be derived from their transformation. Its mode 
of origin is still one of the g^reatest puzzles in Indian Geology. 

During a short visit to Naini Tal in September, Mr. Ball made some observa- 
tions regarding the numerous lakes of that neighbourhood. 

Mr. Hacket's work in Bajputana must also rank as in new ground. He has 
carried his observations to some distance south of Ajmir, where ho obtained a 
fuller section of the mctamorphic rocks transitionally underlying his Arvali 
scries. In the northern sections, about Alwar and Biana, these transition beds 
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seem to be locally wanting. Altogether the study of these highly altered and 
disturbed formations is most intricate, and it is likely to be long before a con- 
nected and satisfactory account of them can be given. 

Mr. Hacket confirmed in other localities Mr. Blanford's discoveiy of Yindhyan 
strata to the west of the Arvali range, but in a more easterly position, resting 
quite flatly close to the main series of gneissic rocks ; so that the Yindhyan for- 
mation must be altogether younger than the Arvali mountain-system. 

No rocks but the quartzites and other strata of the Arvali series were found 
in the vicinity of the famous Sambhar salt-lake ; and no observation was made 
suggesting any connection of the salt with these rocks. 

Oondtocma formation, — The recognition of the Karharbari coal-measures as 
a distinguishable horizon in the lower Gondwana series is an interesting step in 
our knowledge of these formations. As immediately overlying the Talchirs, 
these beds have hitherto passed as belonging to the Barakar group, the lowest 
of the Damuda coal-measures. The first discoveiy in them of peculiarly triassic 
plants not found elsewhere, looked at from the point of view of palssozoic affinities 
for the Damuda flora, suggested that the Karharbari beds should be regarded 
as above the Damudas. Further collections df fossils made by Dr. ^feistmantel, 
and others presented by Mr. Whitty, the engineer in charge of the extensive mines 
from which the East Indian Railway is supplied, have not supported this notion. 
Dr. Feistmantel points out that with those special plants are found the few 
which most distinguish the Talchirs, and that the affinity is with this bottom 
group of the Gondwiuia system, rather than with the Damudas. The position 
of the field, well out of the Damuda valley, and more analogous to that of the 
central fields, in which also the coal-measures have hitherto been regarded as 
Barakiu*, suggests that these too may be found to present these new palsBonto- 
logical affinities. Dr. Feistmantel reports from Mohpani that there is some 
confirmation of this view in the plants he has recently found there. The very 
close stratigraphical relations of the Satpura coal-measures with the Talchirs 
in the Betiil field was insisted upon in the last survey of that ground (Records, 
vol. YIII, p. 65, 1876). 

Of our detailed work an interesting area of the Gondw&na formations was 
completed during last season by Mr. Hughes, in extension of his previous work 
in the Wardha valley, the geological lines being now carried down to the Godd- 
vari at and above Sironcha. An important practical result of this work is the 
accurate demarcation of a considerable area of possibly productive coal-measures 
in the Nizam's territories about Khairgura and Tanddr, and again on the 
Goddvari at Sandrapdli. In the former position actual coal crops were found ; at 
the latter the discoveiy was quite unexpected, as the ground is greatly concealed, 
but the indications are considered sufficient. Directions are given for the prac- 
tical exploration of the measures. 

Two localities within this area have long been familiar to students of Indian 
Geology from the fossils they have yielded— the liassic fish remains of Kota and 
the triassic reptilian bones of Mal^ri"— and on this account special interest attaches 
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to Mr. Hughes' stratigraphical determinations. The result, whether local or general^ 
has not been confirmatoiy of the speculations that had been hazarded upon previous 
knowledge. Partly from the fossils and partly from the mineral aspect of the 
rocks, it had been thought that the Mal^ri beds might represent the Panchet 
group in the lower Gondw^ma series of Bengal. From the eridence of some 
plant fossils obtained during the recent surrey, it is, however, decided that these 
deposits must rank as upper Gondw^ma. As regards the diffei*ent horizons 
suggested, according to the European standards, by the fossils from the two 
localities, Mr. Hughes' description shews that the beds of Mal6ri and of Kota 
cannot be distinguished as separable groups, and therefore that the aforesaid 
fossils must be taken as contemporaneous in India. This fact, and the affiliations 
suggested by the fossil flora, present altogether a serious puzzle to palseontologists 
of the rigid school. The question is briefly stated by Mr. Blanford in a note 
appended to the description of the Kota-Mal6ri fossils in a recent ntunber of 
the Paleeontologia Indica. A map and description of Mr. Hughes' work is published 
in the current number of the Records. 

The Kota-Mal6ri area is part of the continuous spread of G-ondwAna deposits 
within the drainage-basin of the Gdd&vari, and hence often spoken of collectively as 
the Godavari basin or region ; but it is only on the lower half of this river itself that 
these formations occur ; the extension above Sironcha is in the valleys of the great 
tributaries, the Pranhita and Wardha, to where the strata pass under the Deccan trap 
in the Chanda and Wun districts. The portion below Sironcha is considerably larger 
than that above it, and Mr. King has been for several seasons engaged in studying 
this ground. Notices of his discovery of marine beds intercalated with the 
upper Gondwanas on the seaward margin of the area, were published at the 
time ; and also his description of some small coal basins within or adjoining the 
main area. A notice of his preliminary observations regarding the whole area 
was published in the last May number of the Records. During the past season 
Mr. King made further progress in unravelling the intricate relations of these 
closely connected rock-groups, and is still engaged in carrying on these researches : 
but it is scarcely to be expected that he can complete so difficult and extensive an 
investigation within the present field-season. 

Mr. Foote has been engaged for several seasons past upon the coastal zone of 
Gondwana deposits, in continuation of his previous published work on these beds 
in the area around Madras. During the past season he completed his survey of 
this ground through the Nellore and Gantdr districts up to the Krishna river, 
thus bringing his lines into connexion with Mr. King's work in the Godavari 
district south of EUore. The deposits which were the special object of his 
study are very obscurely exposed as irregular patches along the margin of the 
crystalline rocks forming the low ground from the base of the Eastern Ghats -, 
and on the east they pass rapidly under the alluvium of the flat seaboard. 
Mr Foote has made considerable collections of the mixed marine and terrestrial 
fossils peculiar to the Gondwana strata in this position. A description of his 
work is in course of preparation. 
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ExjplorcUtons for coal, — In oonnexion with the Gondwana formation, record 
should be made of the coal explorations that have been going on for several 
seasons past in the Satpura basin. Thej were undertaken by Government at mj 
recommendation, and have been carried oat more or less to the extent contem- 
plated, but have proved unsuccessful. The observations and chances upon which 
these experiments were based have been from time to time explained in the 
Records, so that a brief recapitulation of the circumstances will now suffice. The 
only outcrop of the coal-measures on the north side of the Satpura basin of Gond- 
wana rocks is on the Sitariva at Mohp4ni. It is there that the structural charac- 
ters of the outcrop, so close to this obscure main boundaiy of the basin, should 
have been practicallj tested and the continuity of the measures proven. The 
mining operations there have, however, been hitherto on a very paltry scale, and 
the work of exploration most inefficiently carried out. The difficulties of the 
ground are, no doubts considerable, but not a single trial to the dip of the basin 
has been carried to the depth at which it could have been expected to touch the 
coal in the position attempted. The whole ground on the Sitariva is in private 
hands, and Government could not interfere to insist upon a more effective method 
of search, so it was reasonably resolved to attempt the exploration of the basin 
at other less favourable points, where the measures themselves had to be sought 
for. 

In pursuance of this project three classes of trial were indicated. It was 
shewn that the total cutting off of the Gondw&na rocks to the north, along a 
supposed great fault, was at least not proven ; and that therefore it was possible 
that the coal-measures might in certain positions occur beneath the alluvial area 
of the Narbada valley. To test this conjecture two borings were made, one at 
Gadarwetra close to the main line of railway, and one at Sukakheri by the side 
of the branch line, half way to Mohpani. The former was stopped at a depth of 
251 feet, as the tubes could not be forced further, and smaller tubes, to pass down 
inside the first set, were not then available. The Sukakheri boring was sunk to 
the depth of 491 feet still in alluvial deposits, chiefly clay; and it is highly 
creditable to Mr. Stewart, the brace-head man in charge of the work, that with 
such labour and appliances as he could conmiand he was able to sink so deep. 
This is a far greater thickness than was at all anticipated for the valley deposits ; 
and the trial has practically answered the question proposed, for it would certainly 
not pay at present to seek the coal through such a thickness of soft rocks. 
It is plain, however, that the question whether or not the coal-measures extend 
in this direction (upon the possibility of which the experiments were under- 
taken), is not affected by the result. 

A second class of trial was based upon the fully proven fact that the thickness 
and distribution of the upper Gondw^ma groups are exceedingly irregular. It 
was thus hoped that the coal-measures might possibly lie at a practicable depth 
within the basin, in the open valleys of the Dudhi and the Tawa, where the 
measures, if found, would be free from the many accidents that render the 
working of them so difficult in the disturbed ground near the boundary. Borings 
were accordingly put down at Manegaon and at Khappa in the Dudhi valley 
The former was closed at 420 feet^ as the depth attained required constant super 
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vision apon one work. At the dose of last working season the Khdppa boring 
had reached the depth of 7^0 feet, altogether by hand — ^another very creditable 
performance of Mr. Stewart's. Here again the practical question was solved 
for the present by the mere fact of depth. No change of formation occurred 
throughout the boring, so the geological information gained is also limited to the 
bare fact of thickness. As the progress of boring by hand at this depth is so 
slow and costly, I could not, under the circumstances, reoonmiend the prosecution 
of the work. Corresponding trials to these were made in the open vaUey of the 
Tawa^ along the Betdl and Hoshangabad road, at Kesla to a depth of 302 feet, 
and at the Suktawa to 241 feet, with the same result. 

A third class of experiment lay in the attempt to find the coal-measures in 
positions corresponding to Mohpani, close to«the edge of the basin. The induce- 
ment here is that Talcbir beds, which are the most frequent companions of the 
coal-measures, occur at several places along the margin of the field. The special 
objections to this position are the frequent presence of trappean intrusions and 
the great disturbance of the strata. Three borings were put down at Tundni, 
ten miles west of Mobpani. Two of them, at depths of 328 and 172, struck 
trappean and contact-rocks, being evidently on a belt of intrusive action. The 
third, more to the south, found no change to 243 feet, where the tools stuck fast ; 
but as the dips were high there was no inducement to renew the attempt. 

At the western extremity of the field, on the Moran near Lokartalai, some 
highly carbonaceous outcrops have long since attracted the attention of explorers. 
A boring put down to tHe dip' of those outcrops, to a depth, of 254 feet, has 
shewn that these coaly bands do not improve underground ; and a later discovery 
of fossil plants in these beds has shewn that they do not belong to the lower 
Gondwanas. Two other borings were put down at the lowest point of the section, 
to try the underlying strata ; but at depths of 84 and 88 feet (the holes are 60 
yards apart across the strike) an intensely indurated sandstone was struck, 
in which little or no progress could be made. It is almost certainly the contact 
bed of an intrusive sheet of basalt, the presence of which would indefinitely reduce 
the prospect of success ; so the project was abandoned. This position also is 
close to the north boundary of the basin and within the zone of special dis- 
turbance. 

Two other trials of this series remain to be noticed, those close to the patches 
of Talchir rocks. One on the road from Piparia station to Pachmarhi, within 
50 yards of the Talchir outcrop, was sunk to a depth of 285 feet entirely in coarse 
mottled deposits of the upper Gondwdnas, shewing that their junction with the 
Talchirs must be exceedingly steep, if not faulted, and that the coal-measures, if 
present, are beyond easy reach. Another trial, now in progress, on the Anjan, 
close to the road from Bankeri station to Pachmarhi, is also close to an outcrop 
of Talchirs ; it has reached a depth of 186 feet, entirely in mottled sandy clay of 
the Bagra group. 

These trials may be taken as closing for the present the exploration of this 
region of the basin, unless in immediate continuiiy of the Mohp&ni field on the 
Sitariva. Should this fail, the nearest prospect is in the Shahpur field on the 
south side of the basin. 
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Punjab, — Mr. Wynne was folly occupied during last season in mapping the 
structural features of the tertiary basin between the Salt Range and the moun- 
tains to the north, and often spoken of as the Potwar, or the Rawalpindi plateau. 
It is, on the whole, a broad synclinal, with many subordinate axes of flexure. 
The changes in composition of these tertiary deposits according to position with 
reference to the mountain region and to the great river courses, combined with the 
great distorbanoe they haye undergone, is a constant obstacle to the attempt to trace 
the zones of contemporaneous strata. To do this with any certainiy will be a 
work of great labour which the Survey is not at present prepared to undertake ; 
yet until this is done, it will be impossible with any nicety to indicate the order 
of succession of the vertebrate fauna, which forms the chief interest of these 
formations. The more regular sections of the corresponding deposits in Sind 
may furnish this important clue to the horizons in the Sub-Himalayan region. 
A sketch of Mr. Wynne's work, with an outline-map, is given in the Records 
for last August. 

Mr. Theobald has added largely to our collections of fossils from these rocks 
in the Potwar during the past season; but it is only in an approximate and 
often doubtful way that the specimens can be assigned to the different horizons : 
Mr. Theobald reports favourably of the assistance he has received in this work 
from the apprentice Elishen Singh. A notice of these collections up to date is 
given by Mr. Lydekker in the current number of the Records. 

The post-tertiary deposits of this region ofEer a study of much interest. They 
are found resting upon tilted Siwalik strata at very high levels over the actual 
river courses, so that prodigious denudation must have taken place since they 
were laid down. There is much evidence to suggest that glacial action took a 
direct part in the accumulation of some of these deposits. 

Bind, — During the working season of 1876-77, Mr. Blanford and Mr. Fedden 
completed the mapping of Sind, west of the Indus. A considerable portion of the 
country had been examined in the two preceding seasons, but in several districts 
the examination had only been partial and preliminary. In the course of the past 
season Mr. Blanford re-examined the Eiiirthar range from its northern termina- 
tion wesi of Jacobabad to the neighbourhood of Sehwan ; he then re-mapped the 
cretaceous rocks in the Laki range south of Sehwan, and after completing the 
geological lines in the Habb valley, and marching westward along the coast as far 
as Sonmiani, returned to Calcutta at the commencement of March, to continue 
his work on the geological manual. 

Mr. Fedden, starting from Karachi, mapped the large tract of country west of 
the Laki range, from the neighbourhood of Sehwan to the sea, an area of nearly 
5,000 square mites. The ground had been partially examined before, but the 
greater portion of the details were completed during the past season. Large 
additions were also made to the fossil collections previously obtained. 

So much of the geology of Sind had been determined in the two previous 
seasons that no very important additions could be expected. Still several slight, 
but useful, improvements were efEected. The exact relations of the bed of trap 
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found in the Laki range had remained somewhat donbtfnl, the conntiy in which 
the rock occnrs being difficult of access, the geology complicated by faults and 
disturbance, and the topographical map very imperfect. It has, however, now been 
clearly ascertained that a band of contemporaneous TolcaaMc rock, from 40 to 90 
feet thick, intervenes between the base of the Ranikot group (lower eocene) and 
the cretaceous beds, and there can be no reasonable doubt that this thin lava-flow 
represents the great mass of the Deccan traps. The geological position of these 
traps below the eocene group, as inferred from their relations in the lower Nar- 
bada (Nerbudda) valley, has thus been confirmed from independent evidence. 

The cretaceous beds between Ranikot and Laki have been found to be above 
1,000 feet thick, their base not being exposed, and they are sub-divided into three 
groups marked by differences of mineral character and of fossils. The lowest 
group is the limestone in which a Hippa/nte was found last year. 

In the Laki range and the country around Jhiric and Ta4;ta, ihe nnmmulitic 
Khirthar limestone rests upon the Ranikot group, the latter being about 2,000 
feet thick where most fully developed, and overlying the traps and cretaceous beds 
above noticed. But west of the Khirthar range, in Upper Sind, Mr. Blanford 
found, in a traverse which he made for a short distance beyond the frontier on the 
upper G-dj river, a thickness of at least 10,000 feet of beds underlying the Khirthar 
limestone, and having no resemblance to the rocks in the same position to the 
south-east. These lower beds on the west of the Elhirthar range consist of shales, 
limestones, and sandstones ; and fossils were detected in places throughout the 
upper 4,000 or 5,000 feet, i^e lower portion being apparently unfossiliferous. All 
the fossils found were nnmmulitic and shewed the rocks to be of eocene age. 
Somewhat similar beds were observed on the Habb river, where the great mass of 
Khirthar limestone, so conspicuous throughout the greater part of Sind, completely 
thins out and disappears in the course of 20 or 30 miles. The calcareous shales 
and sandy beds which replace the limestone, and the very similar rocks seen 
beneath the typical Kliirthars on the upper Gij, are identified by Mr. Blanford 
with the beds which he traversed in Western Maknm, betweei^ Gwadar and Jalk^ 
in 1872. 

Both Mr. Fedden and Mr. Blanford have found that all the tertiary groups of 
Sind, although well marked and distinct in places, pass into each other elsewhere^ 
thus repeating, in the extreme west of India, the phenomena already noticed in 
the Himalayas. It has been found very difficult in many cases to map the dis- 
tinctions between the different groups. In parts of Lower Sind near Kar&chi the 
Gdj (miocene) and Manohhar groups appear to be completely intermingled, typical 
representatives of both being interstratified. This shews that the connexion 
between these two g^ups is closer than was at first supposed, and further evidence 
tending to a similar conclusion, and adding greatly to our previous knowledge 
of the later tertiary VertebraiOj has also been derived £rom*the collections of 
mammalian remains made in the Manchhar beds. 

A few mammalian teeth and bones were found by Mr. Fedden in 1875-76 in 
the beds of the Manchhar group, and, on examination by Mr. Lydekker, were 
found to comprise some forms found also in the Siwaiiks, together with others 
unknown elsewhere, but having a somewhat older faoies. In the course of the 
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past season a ooiudderable addition has been made to the fossils previously obtained, 
and amongst other forms teeth of Sardthervumf Anthracotherium, Hyopatarmis, 
Acerothermm, and Amphioyon hare been procured ; all have been determined by 
Mr. Lydekker. Several of these were fonnd by the native assistant, Hira Lai, who 
aooomponied Mr. Blanford ; others were obtained from native collectors. The 
specimens are rare and fragmentary, but sufficient has now been learned of the 
fauna to shew that it is older than the typical fauna of the Siwaliks, and that it 
should be classed probably as Miocene. 

It has already been mentioned in a previous report that the typical Siwalik 
fauna has been principally derived from beds in the middle of the group. All 
the fossils hitherto procured from the Monchhar strata of Sind are from close to 
the base, from the very beds which pass into the G&j group, already shewn to be 
probably of miooene age on independent grounds. We have now found evidence 
of three later tertiary mammalian faunas in India ; (1) that of t&e lower Manchhar 
group and of some allied forms elsewhere ; (2) the typical Siwalik ; and (3) the 
pleistocene Narbada fauna, other intermediate formations having also been 
indicated. The Manchhar group has proved to comprise a great thickness of beds, 
probably not less in places than 8,000 to 10,000 feet ; only a few fragments of 
bones have been found in the higher portions of the group, which may very 
probably represent the fossiliferous Siwalik rocks. 

The march to Sonmiani was undertaken in the hope of tracing a connexion 
between the Manchhar beds and the highly fossiliferous rocks of late tertiary 
age on the coast of Makr&n, but unfortunately the break between the beds of 
Bind and those of Makrin appears to be greater than was supposed, the only 
formations seen between Cape Monze and Sonmiani consisting either of rocks 
certainly not of later date than eocene, or else of subrecent and alluvial deposits, 
whilst no appearance of the Makr4n beds could be detected except at a consi- 
derable distance west of Sonmiani. 

Mr. Fedden has done a very good season's work, and has made a large and 
valuable collection of organic remains in the present and preceding years. He 
has now been sent to Katfywar to commence the survey of that province, his 
knowledge gained of the rocks in Cutch and Sand being a great advantage in 
studying the formations of the neighbouring peninsula of Quzerat. Since his 
return from privilege leave Mr. Fedden has been most usefully engaged at head- 
quarters in making a pndiminaiy arrangement of the extensive series of fossils 
from Sind. 

One of the native assistants attached to the Survey in 1874 was sent with Mr. 
Blanford amd another with Mr. Fedden, principally as fossil cdleotors. The 
former, Hira Lai, although requiring much additional training, proved useful and 
flhewed great willingness ; but the assistant who accompanied Mr. Fedden, Ram 
8ing, was found to be of very little service, a&d as there appeard no prospect of his 
ever giving any assistance of value, it was recommended that his probationary 
service should terminate. He has since, by order of Government, been removed 
from the Survey. 

Mr. Blanford, since his return from the field in March, has been engaged in 
office woik, and especially on the preparation of the geological manual. 



12 Reeorda of ihe Oeological Survey of India, [vol. XI. 

During the past field-season none of the officers of the Snrvej were absent on 
sick leave or furlough ; and still, compared with some seasons gone by, onr mnster- 
roll was short, sanction not being yet obtainable to fill the last three vacancies. In 
view of the work remaining to be accomplished, especially in the geology of the 
Himalayas, for which arduous work a man must be in full physical vigour, this 
temporary suspension of our powers is much to be deplored. 

Publications. — It is pretty generally understood that in mixed publications 
of acknowledged authorship the writers are separately responsible for the opinions 
expressed, the editor's veto being reserved for open breaches of logic or of pro- 
priety. As, however, I have been supposed to hold certain views, because they 
were allowed to appear in the Records of the Survey, it would seem to be the 
opinion of some that an official body of workers should run in a groove, that the 
chief of the staff should consider himself so superior to his official subordinates as 
to form, or at least control, their opinion. The notion may be a relic of the 
early British idea that a geological survey might be mainly carried on by men 
devoid of mental culture or scientific training, the materials so collected being 
worked into shape by a responsible head. In a civilised country, where the main 
lines of the work are already laid down, and where it is always easy to visit 
and study any crucial features of the ground, such a system might, to some 
extent^ be practicable; but the attempt would be impossible in India^ where, 
off the main highways, one can only move about with all the incumbrances of a 
camp ; so that the work of inspection would take nearly as much time as the 
preliminary survey. But, indeed, there is no cause to regret the absence of a 
system based upon an essentially narrow idea of geological work, in which the 
important duty of making and recording observations of obscure facts is entrusted 
to men who can have but a feeble conception of what they are about, and 
who are without the sure incentive of responsibility for the finished work. 

No doubt, however, a chief of the staff is in a peculiajr position as editor 
of a departmental publication, but it seems to me that the rationale of the 
position tends in our case to loosen rather than to tighten the bonds of his 
responsibilily. As official head of a body of scientific workers, his functions are 
rather those of the heads of the intelligence and commissariat departments than 
of the commanding officer. Unless under very unfortunate circumstances, he 
would certainly have colleagues as competent as himself to do work, and to 
whom any dictation on his part would be impertinence. In so complex a business 
as a geological survey, there must be several experts more proficient in their 
several branches than any one can be in them all, and whose work can only 
be fully criticised by their peers. Thus, then, the business of the department 
being to collect and publish information, which is not obtained by manual opera- 
tions performed by rule, but must be the result of pure intelligence, every 
member has more or less of a right, according to his ability to produce finished 
work, to appear as author of that work. And so, under anything like normal 
conditions, the editorial responsibilities become distributed; and so far, too, it 
becomes unreasonable to charge the Survey collectively, or its official head, with 
views that may be taken by one of its members. In many matters, uniformity 
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must, of course, be insiRted on ; bat some freedom of speculation is necessary to 
the individual life. 

Seyeral considerations of expediency support these principles of right. It 
would be absurd to accept and publish a man's description of objects or pheno- 
mena and not allow him to expose his reasoning thereon. The elements of 
observation in geological researches are not simple, or to any extent quantitatiye ; 
they can only be fairly exhibited when put together in argument; and this 
test is also needed to disooyer the bias of the observer's mind, the colour of his 
spectacles, and hence the value even of his plain record of facts. No less may 
^iis public exposure be needful to bring the observer to his senses. Ignorance or 
conceit that would be quite unmoved by individual opinion, may stand corrected 
before a competent public opinion ; and the want of a critical public in India is 
perhaps the most serious obstacle to our progress. In the absence of local censors 
we must seek for them abroad, or even permit some mutual criticism in our own 
ranks. Unfortunately error itself, as presented by a man of any professional 
education, is often under the protection of the majoriiy ; but in this case, too, 
exposure is the only remedy. On the other hand, coercion and suppression 
are &tal to human energy of any kind, especially to the development of thought ; 
and mutual encouragement to thought should be the ruling relation in a body 
of colleagues united in the bonds of a common study. 

These considerations are not intended to cover any shirking of the great 
responsibility that undoubtedly attaches to my post, but only to meet certain false 
views of what these duties are. There are very special dangers and difficulties 
in the course I would take; notably the encouragement offered to impostors 
by facility of publication. Men who have nothing to say worth listening to are 
often the most anxious to come forward; they would fain measure their own 
worth by the number of 'papers or the amount of print having their name 
attached, — floods of inane descriptive matter without a suggestion of meaning (as 
if any man could extract positive knowledge from the observations of quacks), or 
else one-sided pictures from the point of view of some foregone conclusion. 
We must only recollect that there can be no wheat without chaff and straw, and 
that the human mind is not an annual that flowers only once, but a strong plant 
that can bear much pruning and grafting. 

The foregoing remarks will explain how the Records of the Survey for the 
past year have swelled to unusual proportions, but I trust that, on the whole, the 
change has been to the advantage of our public and ourselves. 

I have to apologise for the non-fulfllment of a promise made in the last annual 
report. Inexperience of large undertakings and a too sanguine temperament 
led me to hope that the Map and Manual of the Geology of India could be 
ready by the middle of the past year, whereas much still remains to be done on 
both, although, with due regard to other necessary work, no time has been lost in 
their preparation. We can, I think, with certainty promise it for the middle of 
the current year. 

Volume XIII of the Memoirs was issued early in the present year, with 
coloured maps of two important areas — the Bajmahal hills and the Wardha valley 
coal-fields. 
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Volune XIV, oontainiBg Mr. Wynne's description of the Sidt Range, with 
nninerons plates and illustrations, was fully printed o£E before the end of the year, 
but there will be unavoidable delay in its issue on aooount of the ms^, which 
presents an intricate piece of colour-printing, and the lithographic branch of the 
Suryeyor General's Office has been so much engaged upon the geological map of 
India that the printing of the Salt Range map has been inevitably postponed. 

I am glad to announce that all the fossil collections from the Salt Range, 
below the nummulitic horizon, have been confided for description to Dr. Waagen, 
who studied the formations on the ground and added largely to the collections. 
As the Survey has been so unfortunate as to lose Dr. Waagen's permanent 
servioes, through his inability to endure the Indian climate, we are most fortunate 
to have secured his co-operation in this very important work, for which he is so 
eminently qualified. 

Of the Palsontologu Ikdioa three fasciculi were issued before idie close of 
1877 : two (Ser. II, 2 and 3) by Dr. Feistmantel on the flora of the Rajmahal 
group in the Rajmahal Hills, and near Golapili, in continuation of the woric by 
Dr. Oldham and Professor Morris on the same group of fossils, published in 1862. 
The third is by Mr. Lydekker, forming the second number of Series X, devoted 
to the description of the Tertiary Mammalia. 

Through the kind seryioes of Dr. Oldham in England, we have obtained de* 
scriptioBB by Sir Philip Egerton and Professor Miall of some interesting vertebrate 
fossils from the Qondw&a deposits of Kota-MaJeri. The printed sheets and 
plates of this work were received in Calcutta before the close of the year and have 
since been issued, with a supplementary note by Mr. Blanford on the stratigraphy 
and homotaxis of these deposits. 

Two other fasciculi of the Paleeontologia were finally passed for press before 
^e close of the year and are now ready for issue : one (Ser. XI, 2) l^ Dr. 
Feistmantel on the Flora of i^ Jabalpur group ; and one (Ser. X, 3) by Mr. 
Lydekker on some Siwalik Mammalia. 

Lvbrary. — During the year 1877 the library of the G^logical Survey has 
received an addition of 1,355 volumes ; 784 by purchase and 571 by presentation 
or in exchange. 

For the last three months the library-room has been in great disorder during 
the construction of a gallery and additional cases. As soon as liiis work is com- 
pleted and the books arranged, the whole will be carefully checked and compared 
with the manuscript catalogue, which will then be printed. 

Mtiseum, — Much progress has been made in bringing the Museum into order. 
In December the new wall-cases in the main palsdontological galleiy were finished ; 
SBid they are now completely filled with our standard series of fossils in biological 
succession, though of course at present only in rough generic order. The final 
arrangement and labelling of the specimens on the shelves will be a tedious labour. 
In the gallery for Tertiary Mammalia the wall-cases were also finished in December. 
Mr. Lydekker has these collections so well in hand that the whole are now in 
excellent approximate order with suitable labels. 
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In the mineralogical galleiy a new set of table-cases were provided dnring the 
past year for the minerals and rocks ; and, thanks to Mr. Mallet's indnstrj, our 
Taluable series of mineral iypes is now laid ont in perfect order. A valaable 
addition to this collection was made during the year by exchange with the Mineral 
Department of the British Museum. 

Mr. Mallet has also made much progress with the classification of our collec- 
tions of economic minerals, both Indian and foreign. This is a branch of our work 
to which I hope to direct more attention than it has hitherto been possible to do 
for want of space. 

Series of rock specimens, both Indian and foreign,, have also been laid out. In 
the Indian series we must for long be content with much apparent disorder, or at 
least temporary grouping and labelling, for it represents the current state and 
progress of the geology of India, which is &r from having approached completion. 
The collection is not even up to date, for hitherto it has been necessary to dis- 
courage the collection of rock and mineral specimenB for want of place to. keep 
them in. 

The geological galleries of the Museum have been open to the public since the 

1st January of this year. 

H. B. MEDLICOTT, 

Svjpdt. of Geological Swrvey of India, 
Calcutta, 

Jam/aary 1878. 

List of Societies and other Institutions from which puhlicaiions have been received in 
donation or exchange for the Library of the Geological Survey of India during 
the year 1877. 

Amsterdam. — Boyal Society of Batavia. 

Belfast. — Natural History and Philosophical Society. 
Berlin. — Gherman (^logical Society. 

„ Boyal Prussian Academy of Sciences. 

Bombay. — Bombay Branch of <die Royal Asiatic Society. 
Boston. — American Academy of Arts and Sciences. 
„ Boston Society of Natural History. 
„ Museum of Comparative Zoology. 
Brbslau. — Silesian Society of Natural History. 
Budapest. — Boyal Geological Institute of Hungary. 
Buffalo. — Buffalo Society of Natural Sciethces. 
Calcutta. — ^Asiatic Society of Bengal. 
„ Meteorological Survey. 

Copenhagen. — Royal Danish Academy. 
Davenport. — Academy of Natural Scaences. 
Dresden. — The Isis Society. 
Dublin. — Royal Irish Academy. 
Edinburgh. — Royal Scottish Society of Arts. 
„ Royal Society. 

Geneva. — Physical and Natural History Society. 
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Olabgow. — Geological Society of Glasgow. 
Glasgow University. 
Natural History Society. 
Philosophical Society of Glasgow. 
Lausanne. — Vandois Society of Natural Science. 
Liverpool. — Geological Society of Liverpool. 
„ Literary and Philosophical Society. 

London. — British Museum. 

Geological Society of London. 
Linnean Society. 

Royal Asiatic Society of Great Britain and Ireland. 
„ Royal Geographical Society. 
„ Royal Institution of Great Britain. 
„ Royal Society of London. 
„ Zoological Society of London. 
Madrid. — Geographical Society of Madrid. 
Manchester. — Geological Society. 

„ Librarv and Philosophical Society. 

Melbourne. — Mining Department, Victoria. 
„ Royal Society of Victoria. 

MosGOU. — Imperial Society of Naturalists. 
Munich. — Royal Astronomical Office. 
Munich. — Royal Bavarian Academy of Sciences. 
Neuchatbl. — Society of Natural Science. 
New Haven. — Connecticut Academy. 

„ Editors of the American Journal of Science. 

Paris. — Geological Society of France. 
„ Mining Department. 
Philadelphia. — Academy of Natural Sciences. 
„ American Philosophical Society. 

„ Franklin Institute. 

Plymouth. — Devonshire Association. 

„ Royal Geological Society of Cornwall. 

Rome. — Geological Commission of Italy. 
„ Royal Academy. 
RoORKEE. — Thomason College of Civil Engineering. 
Salem. Mass., U. S. A. — American Association for the Advancement of Science. 

Essex Institute. 
St. Petersburg. — Imperial Academy of Sciences. 

Sydney. — Royal Society of New South Wales. 
Toronto. — Canadian Institute. 

Turin. — Royal Academy of Science. 
Vienna. — Imperial Academy of Sciences. 
„ Imperial Geological Institute. 

Washington.— Department of Agriculture, U. S. A. 
„ Smithsonian Institute. 
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WASHiNQTON.-^Umted States Goafit Survey. 

„ United States Geological Exploration of the Fortioth 

Parallel. 
„ United States Geological Survey of the Territorica. 

Wellington. — Geological Survey of New Zealand. 
„ New Zealand Institute. 

Yokohama. — German Naturalists' Society. 
Yore. — Yorkshire Philosophical Society. 

Ghnremments of India, Madras, Bombay, and the Punjab ; Chief Commissioners 
of British Burma, Central Provinces, Assam, and Mysore; Superintendent of 
the Bevenue Surveys ; and the Besident, Hyderabad. 



Notes on the geology of the upper Qoddva/ri hastny between the River Wardha wnd the 
Godavari, near the Civil Station of Sironcka, by Theodore W H. Hughes, 
A.B.S.M., F.G.S., Geological Survey of India. 

In the Memoir on the Wardha valley coal-field, an arbitrary line along 19® 
3(/ north latitude was adopted as the southern limit of the field, there being 
in that direction no definite geological boundary of contrasting rocks within 
the geographical confines of the Wardha valley. The same series and groups, 
in fact, stretch continuously to the south-east beyond the Wardha field, down 
the adjoining valley of the Pranhita and that of the Godavari, for more than 
230 miles, thus making one great geological region, embracing a large portion 
of the drainage area of three distinct and important rivers. This region, 
which, towards the north, has mainly been surveyed by Mr. Fedden and 
myself has, towards the south, been under Mr. King's care. We have now 
brought our leading geological lines from each side to the Godavari river, and 
there only remains the work of investigating the slight difference that must 
necessarily have arisen when observers start from widely separated points. 
This duty Mr. King undertakes next season. 

My most recent field notes refer to the district between the Wardha valley 
and the God&vari (from Naspur to Sironcha), an area that has up to this time 
been only cursorily examined. 

I was able to distinguish in descending order the — 

THipieries^— 
Chikiala group 
Eota-Maleri „ 
Kamthi „ 

Barftkar „ 

Tflchir „ 

Vindhyan series. 
Metamorphic tMiies. 

A. — Metamorphic and Vindhyan Series. 

The rocks of the metamorphic scries were found always exterior to the 
Gondwana area. With one exception this is also the case with the Yindhyans : 

c 
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from Metmd&ni, in the north-west, to Berda they are the fringing rocks ; again, 
from Kairgiira to Naspiir, and from Mutl&gfiram, on the Pranhita, to the neigh- 
bourhood of Bij6r. Near Chintir, however, there is an inlier of Vindhyans of 
several square miles in extent. 

On the east and the north sides of this inlier, the Gondwfinas appear to rest 
natoraUj on the Vindhyans ; but on the west face the former are, I think, faulted 
against the latter, as no group of older age than the Kota-Maleri is seen in that 
direction, whereas, on the Chintir side of the inlier, Talchirs occur, and at the 
same surface level. The alteinative supposition that the contact of the Kota- 
Maleris and the Vindhyans is an original one— -all the older groups of the Qt>nd- 
wdnas having thinned out — ^is highly improbable in face of this fact of similariiy 
of sur&u;e level ; and there seems to me to be further proof of the fault in the 
Goddvari itself, where the Kota-Maleris are in contact with the boulder bed of the 
Tilchir group, — ^high and reverse dips being visible. 

It was impossible to trace the fault in a north-west direction beyond the 
yiciniiy of the inlier, but on the map 1 have indicated a probable course. 

B.-«-GoKi>wANA System. 

L^Tdlckir Oroap. 

This, the lowest group of the Qondwftna system, occupies a long belt of ground 
along the 'Western border of the Gt)ndw&na area; a small strip near Chintir ; and 
a few little patches elsewhere* 

Its characteristic features are well seen in many sections, but the needle shales. 

Needle riialfl. not piomiiient ^^tead of being the most-prominent rooks, are quite 

subordinate to the sandstones. It was rare indeed 
to meet with any of the former. The boulder bed, however, is strongly developed, 
and in some places is the only representative of the group. This is so in the 
case of the little patch of T^chirs near the boundary of the Vindhyans north of 
Naogaon. The boulder bed is conspicuously exposed in the vicinity of MUdor&m, 
and near T4nd6r ; and more or less continuously from K6siptir to Naspur. In 
the Ood^vari river, it is seen on the right bank near SandrApali. Many of the 
boulders are of gneiss and of enormous size, but the generaliiy are snmll, and 
consist mainly of Vindhyan shales, limestones, and sandstones. 

It is easy to trace the extension of the T&lchirs northwards in the direction 
of Chinur by means of the boulders strewn on the surface ; many of the blocks 
being of gneissose and granitic composition. Such, when met with, may, I 

OneUs boolden indicatiyeof think, unhesitatingly be accepted as signs of the 
T^lchir formation. TAlchir group, not a single instance of their 

occurrence in any of the other groups of the Oondwdna system having ever come 
within the range of my experience. The doubts that assailed me as to the true 
horizon of the boulder bed when I first noticed it near Sandr&pali were dispelled 
so soon as I discovered gneiss and granite boulders. 

The boundaries of the Talchir group are almost everywhere those of original 
contact ; but in the neighbourhood of E[£sipur, and between that village and 
Akndpali, there are several faults. The most distinct of them is the one that I 
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have indicated as being probably iihe continuation of the fanlt along the west face 
of the Yindhjan inlier near Chinur. It is very plainly seen a few yards below 
the junction of a small stream with the river shown on the map as flowing from 
the direction of Betwanpali towards Kdsipdr. The dip of the Talchirs is in con- 
trast with that of the Yindhyans, the latter varying between 20^ to 40® east of 
northf that of the former being north-westerly. 

I have not been able to trace, as closely as I could have desired, the limits of 
the Talchirs between S&rangpali and Nasplir. Amongst the causes that prevent- 
ed me from so doing, the most trying difficulty to encounter was the real or pre- 
tended incompetency of the guides. They could direct me from their own village 
to the next one so long as I kept on the main road, but if I ventured to strike 
into the jungle, troubles at once commenced, a cloud of incomprehension settled 
on them, and to every question regarding distances, relative positions of rivers, 
hills and villages, I received one constant answer '' Yerlci leAu^^ *' don't know." It 
may be that the tendency of the people (Gonds and Kolams) to change their 
place of habitation at short intervals, prevents them from becoming acquainted 
with more than a circumscribed area around their temporary houses, but on many 
occasions I suspected tiiat ignorance was affected in order to avoid possible com- 
pulsory service of unknown duration. 

In addition to the infliction of unqualified or unwilling guides, supplies were 
difficult to procure, villages being small and far apart, and a more tlum usually 
large number being deserted ^ owing to the want of water, there having been 
a failure of rain in the monsoon. 

The map was a most unreliable source of reference in many instances. For 
Mh» unreliable near SMng* example, near Sarangpali, the lai^ river west of 
imli. the village is shown as being distant about a mile, 

whereas in reality it is nearly three miles away. And the river east of S^brang* 
pali, instead of rising in the neighbourhood of Yenkataptiram, takes its origin near 
Sarangpali. The error in placing the large river west of S^Lrangpali so close to 
the village, has thrown my boundary line entirely out, and I have had to reduce 
the real breadth of the T&lchir exposure by at least three-quarters of a mile. 

I failed to discover any organic remains, although I occasionally made very 
diligent search in places where I hoped success might reward my labours. That 
the T^chirs contain several plant forms has been demonstrated by Dr. Feist- 
mantel, and I was extremely anxious to collect a few specimens from the upper 
Ooddvari area^ in order to compare them with the flora of our Bengal fields. 

IL'-^Bardkar Group, 

The lithological features of this group are quite as characteristic here as in 
the Wardha valley, and there is no difficulty in recognising the formation where 
there is a fair exposure of it. But the drawback to identifying it, and tracing its 
boundaries, is the fact of the very incomplete sections that one has the opportunity 
of examining. It will be seen by looking at the map that no Bsirakars are shown 



'It b the wont of the Qonds and E6UaM to leave their homes in the warm season for service 
witii the proprietors of villages whose lands are more fertile and hotter cultivated than their own. 
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overlyiiig the Tdlohirs between Kisipiir and T^ianaiila on the left bank of the 
Godavari. Now, I am by no means prepared to assert that Barakars do not 
oocar exposed at the snrfaoe, but in the absence of a single section to which I can 
refer as yielding nndonbted evidence of the presence of Bar^lkar strata, I have 
preferred to suppress the probable bonndaiy lines which it wonld have been 
easy for me to indicate. The more so also, as perhaps an erroneous impresBion 
might have been conveyed respecting the possible existence of coaL 

Actual coal outcrops occur only in a few places. There are none in the small 
patch of Barikars overlying the Tdlchirs north of Naogaon. But in the belt 
of rocks extending from Ejiirgiira to T&ndur and onward, there are several ex- 
posures of coal. 

The most northerly of these is one near Kairgura. The seam is seen in the 
p TT 'rtrA right bauk of the river that flows past the village 

in the direction of Ghiriktint, a few yards north 
of the Tirfini road gh&t. Only a portion of its total thickness is visible. 
Descending, the section is : — 

Coal r-cr 

Carbonaoeons Bhale ...... (^'8" 

Coal C-T" 

Carbonaceoiis shale and ooal . . .... 

The dip is a little east of north, at an angle of 15°. 

In a small stream, east of the main river and tributary to it, a much clearer 

section of the seam is exposed, and its entire thickness is 15 feet. Most of it 

is coal, and much of it of fair quality. The average composition is, according to 

an assay made by Mr. T. H. Turner, the Assistant Curator of our Museum, — 

Volatile matter (moiaturo 9*4 per cent.) .... 42*2 

Fixed carbon ....... 45*6 

Aflh ........ 12-2 

10(H) 

Like the coal of the Wardha valley, and those of the several Ood£vari flelds, 
there is a large amount of moisture in this sample. The fixed carbon is some- 
what deficient, but the proportion of ash compares favorably with the standard for 
ordinary Badikar coals. Underlying the seam is sandstone identical with that 
which in the Wardha valley I have described as "nodular sandstone," and which 
there always occupies a position immediately or almost immediately (argillaceous 
shale sometimes intervening) under the coal. In the area that I am now 
describing, this kind of sandstone is constant in such sections as are exposed, 
and I would accept it as an almost sure sign of coal. 

There are no Talchirs seen below the Barikars, in the river or elsewhere near 
Kairgiira, the former being overlapped by the latter, which here rest naturally 
upon the Vindhyans. 

The next outcrop of coal that . I met with was about half-way between 

Coal outcrop between Kair- Kairgura and Abdpiir. I look upon it as being the 

g6ra and Abapur. extension of the Kairgdra seam in a south-easterly 

direction. At the surface it shewed a diminished section, being only 5 feet. 



i 
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instead of 15 feet iMck. It is probable, however, that when sunk into, an increase 
will be proved. The qnaliij of the coal appears to be the same as that at 
Kairgdra, and it possesses the same tendency to split, after exposure to the air 
for a short/ time. 

Another outcrop of this seam may be seen in the branch stream of the 
Cintpm ofii ti Giiloti river coming from Ab&pdr. It is, as usual, 

near Ihe top of ihe group, and is underlaid by very 
iypical nodular sandstone. There is no other section in which the Baritkars are 
so fairly exposed as in this one ; and aU the rocka are sufficiently characteristic 
to render their determination a matter of ease. The total thickness of the seam 
measurable is 9 feet. The direction of its dip is north 20^ east> and angle 
of inclination 11^. 

I met with no other outcrops of coal, except the three mentioned above ; but 

the fact that coal occurs, and is visible at intervals over a length of seven miles 

of country, makes it hi^ily probable that it is continuQua throughout the belt of 

^ . , .^ Barticars from KairiHira to Akn&pali. To test this 

Bore-nole positions. . ^ i i , i 

pomt, bore holes may be put down anywhere near the 

junction of the K&mthis and Bardkars, some allowanoe being made for overlap, for 

here, as in the Wardha valley, the former creep over the shore edges of i&e latter. 

From Akndpali to Tetmatla, there are no Bar&kars shown upon the map. As 
I have already said, I am not prepared to maintain that they are absent, but I 
did not come across a single section which satisfied me tiiat the rocks I saw were 
Sandstones resembling Bara- those of the Barikar group. Near Tetmatla there 
^*"- are sandstones which at first sight are somewhat 

difficult to discriminate from Bardkars. In colour and texture and composition 
they are undistinguishable, but their method of weathering is different. They 
have rounded outlines, and they have lost the distinctness of their lines of 
stratification — a feature not usually observable in the Bardkars, but common in 
the Kdmthis. I have accordingly placed them in the latter group. 

Although Bardkars are not seen, it is quite possible that coal exists, and I 
. , , would advise sites near Sdrdngpali, Yenkatdpdram, 

and Tdtmatla as being likely to prove sucoessful in 
the event of borings for coal being undertaken. In the river east of Tetmatla, 
about 500 or 600 yards above its junction with the Gt>ddvari, there are some very 
promising Kimthi sandstones, and a hole of 300, or at the most 400 feet^ ought to 
strike coal if it occur. 

The only other remaining Bardkars in the field that I could recognise occupy 
a narrow strip of country extending from Chinur to Sandrdpali. That these rocks 
are of Bardkar age, is testified by their well-marked lithological characters ; and 
in the Goddvari the nodular sandstone is a prominent and specific indicator of 
the group. The thickness of the entire aeries of beds is under 200 feet. There 
is no outcrop of coal, but the sandstone immediately under coal occurs at the 
PK>bable ooeorrence of coal mouth of tiie Sandrdpali stream, and a boring in 
at Sandrdpali the right bank of the Goddvari, a little below the 

union of the two rivers, will in all likelihood strike coal, within a moderate depth 
from the surface. I found large fragments of coal in the bed of the Goddvari 
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opposite P^lgtila, and I traced them up to within a mile or so of Sandr£pali. 
This discovery was additional, and very satisfactory, evidence of the existence of 
coal somewhere in the neighbourhood of Sandripali, and I have no doubt what- 
ever that the site I have recommended for a bore hole is a spot which, when 
tested, wiU justify the anticipations that my observations have g^iyen rise to. 

Two of the pieces of coal that I picked up, I sent to the Tahsils of Chindr 
and Mad&p^r to be deposited there and shown to such as might be interested in 
mining matters, and who perchance would pay a visit to Sandr&pali on hearing 
of the likelihood of coal being found in the vicinity. 

Measuring as the crow flies, Sandr&pali is only six miles from Siroucha, a 
station that, by the completion of the Gk>d&vari navigation scheme, would be 
brought into communication with the coast line of the Bay of Bengal. In the 
event of steamers plying up and down the river, it would be a convenient dep6t 
for coal, with the advantage of being in British and not foreign territory. 

Some thirty years ago, hope and rumour pointed to Kota, a fortified village on 
SzpectaUon of coal sfc Kota ^e left bank of the Prinhita, four miles above Siron- 
not realised. cha, as a likely locality for coal. The expectation 

was never realised, but it is somewhat interesting to know that if efforts had been 
guided to an almost equal distance from Sironcha, and in a direction opposite to 
Kota, coal might perhaps have been discovered. 

The question of available fuel near Sironcha is not of such moment with 
reference to the requirements of a railway, supposing the Wardha Valley State 
line to be pushed on in the direction of Haidar4b4d. Such extension would 
probably follow a course that would render the localities at which outcrops have 
been mentioned, or the spots where borings have been recommended, more con- 
venient centres of supply. 

That coal occurs at Sandr&pali is, of course, only a supposition, but a suppo- 
sition that, according to my belief, is veiy little* removed from a certainty, and as 
a shallow boring or two will suffice to set doubts at rest, I would advise early 
Borings at Sandripali ad- action in the matter to be taken. With positive 
^'i'*^ knowledge of the existence of coal, instead of a 

hypothetical basis to go upon, schemes depending upon the accessibility of coal 
within given limits may probaby be brought to an issue. 

To my knowledge there are no Bardkars in the valley of the Pr&nhita, and 
I was unable to recognise any along the north-east boundary between MutUigdram 
and Kirmiri. 

m.-^Kdrnthi Group, 
In the determination « of this group, I have been mainly guided by my ex- 
perience of it in the Wardha valley coal-field. At the base, we there had a 
series of sandstones usually coarse-grained, porous and friable, and slightly 
yellow, reddish-brown or grey in colour ; above, more compact sandstones. The 
character of the sandstones at the base is what I wish to draw attention to, for 
in several places in the area that I am describing in this paper, I have depended 
FbrooB sandfltones^ typical upon the porosity of the sandstones for the correct. 
"*®^- ness of my assignment, but, of course, it must be 

understood only when the sandstones exhibiting this feature were at such an 
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horizon that the analogy with the Wardha vallej might be quoted to justify 
my haying done so. 

As specific rocks in the higher portion of the gronp, I have accepted the 
compact argillaceons shales and sandstones of deep red, hnS and pale purple 
colours^ they being very characteristic, both in the district from which the K4m- 
this derived their name, and in the Wardha valley. 

The mapping of the Kimthis has been beset by the same difficulties, arising 
from imperfection of sections, &c., as were experienced in the case of the Tdlchirs 
and Bardkars. The aspect of the strata composing the K&mthi group being 
also much more diversified, it was not always that one could vouch so positively 
for the correctness of one's determinations of isolated rocks as in instances where 
Tdlchirs and Bar^kars were concerned. There is not the sameness in tibe Kfimthi 
group, as in the other two, and it was always necessary that one should be pre- 
pared to receive as a portion of its series a bed of uncertain aspect. 

The lower boundary of the Kimthis may be accepted as fairly accurate through- 
Lower boundary of group out, but the upper is open to possible Correction. Mr. 
fiurlj aocnnte; upper boundary King and myself dilEer slightly as to what shall be 
quefOf^v^n^ie. considered the limit to the K^mthi group. In his 

paper, contributed to the Records of the Survey (Yol. X, page 55, 1877) he 
introduces between the KiLmthis and the Kota-Maleris, a group consisting prin- 
cipally of sandstones, which he names after the town of Sironcha. I see no 
necessity for establishing this group. The sandstones from Sandr£pali to the 
junction of the Ood&vari and the Primhita at any rate are undoubtedly K&m- 
this; and sandstones differing in no respect from those opposite Sironcha are 
to be found above what I imagine to be beds of undisputed Kota-Maleri age. 
One of the chief reasons for the elevation of the Sironcha sandstones into a 
separate group was founded upon an erroneous observation which modified a 
case of oblique lamination into one of unconformity.' On re-examination, this 
season, of the section (which Mr. King and I on the first occasion visited 
together) where we formerly thought ourselves justified in concluding that 
there was a slight unconformity in the succession of the beds, I saw reason to 
change my opinion. Referring the point to Mr. King for his judgment, he, after 
inspecting the section again, agreed with me. As therefore there is no break, 
I am inclined to throw the boundaiy of the KAmthis more to the north and east, 
thus subtracting a considerable thickness of beds from the Sironcha group. It 
is quite true, as Mr. King remarks, that opposite Sironcha the sandstones differ 
in many points from those of the countxy to the south (and north-west). "They 
are micaceous, thick and thin-bedded, harsh, even-textured, grey and brown 
sandstones, but they at the same time contain fragments of buff and pink 
shales." On lithological grounds I think they are separable from the K&mthis, 
and so far I agree with Mr. King, but, instead of isolating them, I would place 
them with the Kota-Maleris. 

The leading characteristics of the TT^mfhiiy within the limits of my work, 
correspond with those already set forth in the first place by Mr. Blanford, 

* Records, Geological Survey of India, 1877, VoL X, Fart II, page 61. 
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and in tho' second place by myself A It seems to me mmeoessary therefore 
to repeat them in a special paragraph, the purpose of this paper being satisfied 
if I allude to them incidentally while describing the distribution of the group. 

The most northerly rocks are those which form the extension southward of 
the K&mthi area, the description of which in the Memoir of the Wardha valley 
ended at the arbitrary boundary of 19^ 30' north latitude. 

The bottom coarse-grained, porous and friable sandstones are very weU ex- 
posed in the river flowing past M^rpali in the direction of Sirpur, and along 
the west boundary generally they are clearly seen. They rest upon Yindhyans 
as hx south as Chitakilinta. 

The upper rocks, consisting of fine-grained, compact sandstones; granular, 
brown, ferruginous sandstones ; and coarse, white and grey, f elspathic sandstones, 
constitute high land north and south of the M^rpali river. They are gradually 
overlapped by the Kota-Maleris as they extend southward, and where the bound- 
ary turns to the west, there is a great decrease in the thickness exposed. A 
moderately fair section of the Kdmthis is seen in the Jangaon river, and near 
Dabigur there is a thin bed of slightly carbonaceous shale. It is so very rare to 
meet with anything at all approaching carbonaceous shale in the K&mthis, that 
I notice its occurrence in the present instance as being an unusual circumstance. 
Above Dabdgdr, towards Bdjur, there are some red clays associated with the sand- 
stones, and this gives some ground for suggesting that the determination of these 
as Kamthis is incorrect ; and that they ought to be placed amongst the Kota- 
Mal^ris. Red clays are certainly very common amongst the Kota-lVIaJeris, 
and especially so in the Jangaon valley, but the sandstones with which the 
red clays in question occur, are not of the Kota-Maleri type, but resemble closely 
some of the sandstones of the lower series of the K^this. South of the 
Jangaon river the El^this appear in their greatest force and stretch for 50 
continuous miles from Chirfikunt to the banks of the God^vari. All the different 
varieties of sandstones that the group possesses are represented : the compact grits 
breaking with a conchoidal fracture, the blotchy sandstones, the ferruginous 
sandstones, the porous sandstones, &c., &c. The middle and the upper sandstones 
form a good deal of high land. Towards the base of the principal range of hills 
extending from N^miir to Kansipet compact argillaceous sandstones occur. 
These are very characteristic rocks of the K4mthi group, but they are by no 
means of such frequent occurrence in the Grod£vari area as they are a hundred 
miles further to the north. 

Looking at the map, it will be seen that in the Godivari river above San* 
drapali, I have marked the upper limit of the Kiimthi group as being near 
Ar6nda. By this assignment, the rocks that Mr. King distinguished as Tdrchdrla 
sandstones (from a village 12 miles to south-south-west of Arenda) are brought 
within the embrace of the K&mthi area. I believe the evidence as to the true 
position of these T^reh^rla sandstones further to the south is somewhat obscure 
it being possible indeed to infer that they are lower in the series than the 
Ki^this. Unless the rendering of the God4vari section, however, has been 
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complicated hj faulting that I have overlooked, the Tdrchdrla sandstones are, I 
think, more properly placed with the Kdmthis than below them. 

Bocks that I consider to be Kimthis occur east of Chindr, and overlie the 

Kimthi group new ChiniSr. Bamkara at SandrdpaH. The porous type sand- 

stones are exceptionally well developed near Chin- 
talaptir, where they form a low ridge striking north-west and sonth-east. The 
more compact varieties are best seen in the direction of Kotapali. The upper 
boundary as marked by me, near Sironcha, is open to question, for the reason 
already pointed out, that Mr. King is inclined to introduce a group between the 
Kimthis and the Kota-Maleris. To the introduction of this group I am some^ 
what opposed, the grounds for the separation being to my mind insufficient. 

IV, — Kota-MaleTi Group* 

Overlying the Kimthi group are the £ota«-Maleri beds, made up largely at 
the base of red and green clays; fine-grained, speckly-grey sandstones; open 
mottied purple or red and white sandstones; thick-bedded white sandstones, 
with coarse gravel scattered through it in parts or occurring in ill-defined runs ; 
soft and somewhat unctuous sandstones of various colours ; and pisolitic argilla- 
ceous sandstones and grits : most of these lower sandstones contain clay galls* 
The clays, and more especially the red ones, are the most conspicuous beds of 
the group) and at the same time form a very striking feature in the surface 
aspect of the country. Over considerable areas, nothing but red soil is to be 
seen, and for many miles between Bibra and Nakaldpali, on the high road to 
Sironcha from Ch&nda, this is the predominant colour. 

The clays are by no means constant in thicloiess, their most profuse development 
being in the west and the north-west division of the map. In the section exposed 
by the Prinhita, the proportion they bear to the other rocks of the group is small* 

Clays are not so abundant high up in the series as at the lower horizons. 

The dip of the Kota-Maleri group is in conformity with that of the under- 
lying series both in the G-od&vari and Pr^nhita sections, but the unconformity 
of overlap becomes evident when the lower boundary is followed for some dis- 
tance. In the Memoir on the Wardha valley, I pointed out that this was the case, 
and the testimony is repeated here. 

Associated with the clays are the limestones at Kota, from which the fish 
Lepidoius and Dapedvus were obtained. At Kota the limestones, like the clays, 
are not of conspicuous thickness ; but, like the latter, they become much more 
prominent members of the series towards the north-west ; and near Bimpur and 
Itial, 36 miles from Kota, they form a well-marked, though low hill range. That 
the limestones so abundantiy developed in the north, and there attaining a 
thickness of over 100 feet at the least computation, are the continuation of the 
few feet seen at Kota, is, I think, a point fairly established by the likeness 
that the rocks bear to each other, and by the discovery of fish scales at Itial 
similar to those found at Kota. 

I was not able to trace them much beyond the vicinity of ItiaJ, but in the 
other direction, and the further side of .Kotay_Mr. King succeeded in picking them 
up in the Goddvari. 
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With reference to the clays at Maleri, in which were obtained teeth of ihe fish 
CeraJtoduSy and remains of the reptiles Paraeuckus and HyperodapedoTfi^ the Itial 
limestones, and consequently the Kota limestones are higher in the series. To this 
circumstance I attach no stronger significance than that of local snper-position, 
for clays and sandstones similar to those below the limestones occur above them, 
and the evidence appears to me insufficient to justify the separation of the red 
clays and sandstones of Maleri from the red clays and sandstones above the Kota 
limestones. The circumstance, that hitherto none of the Kota fish have been found 
at Maleri and none of the Maleri forms at Kota, may be said to be suggestive of 
separation ; and as the relative position, in which the organic remains occur, is in 
accord with the experience of European research (Parcuttchus, &c., occurring in 
older strata than LepidotuSy &c.), there is an additional reason for suspecting a 
break in the deposition of the Kota-Maleri group. Considering, however, how 
limited have been our efforts in search of organic remains, it is premature to 
give much force to the negative evidence that lies before us on this point ; and 
I cannot see how European analogy affects in a decisive manner the grouping 
of beds in India that are identical in composition and appearance, and amongst 
which no unconformity in its strict meaning occurs. It may be that the com* 
ponent strata of the Kota-Maleri group, being fluviatile formations, there was 
changing distribution of deposits, giving rise to iiregular beds,— as, for instance, 
the very clays and limestones that we have been alluding to ; but this is quite 
in accord with the known character of deposits formed under the conditionei 
■opposed to have then existed in the Kota-Maleri area, and is no proof of un« 
ooofonnity. 

In the Maleri clays, the fossil remains most commonly found are those o^ 
Hyperodapedon and Pa/rcuuchus. I have succeeded in extending the area of their 
occurrence over a large portion of the Kota-Maleri country. One of the localities 
where they are found is Agr^zpaU, 4 miles south and a little west of Chindry 
in clays which are high in the series, and presumably much higher than the 
Kota limestone horizon. But on this point I cannot insist^ as owing either to the 
imperfection of the sections in the GK)dAvari and its valley, or to the absence of 
the limestone band in this direction, I failed to get direct evidence of the position 
oi the clays relative to the limestone. 

Though this &ilure is to be regretted, the probability is suggested that 
amongst the clays above the Kota limestone similar reptilian remains to those met 
with in the Maleri clays may be found. Should this likelihood be converted into 
reality, the objection that nrny be founded upon the present evidence and Euro- 
pean analogy to the incorporation of the days, &c., above and below the Kota 
limestones in one group would be removed. 

The higher portion of the Kota-Maleri group is not so characterised by days 
as the lower. It is chiefly made up of sandstones, the most typical of which are 
coarse and loosely compacted sandstones of various colours, with broken runs of 
buff and pink shale fragments through them, rusty-brown and grey sandstones 
containing pebbles, and yellowish-grey sandstones, varying in texture, with dark 
stains of peroxide of iron, and sub-angular pieces of yellow opaque quartz scattered 
through the rock. 
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Sandstones containing sliale fragments are found at yarioos horizons, but they 
are of most common occurrence above the main bodj of clays. Thej are met 
with in foil force, forming high land, east of Bibra. I have not determined the 
bonndaxy in this direction. 

The flora of the Kota-Maleri group, as it at present stands, is represented by 

only a few species of plants discoyered at the f oUow- 
^"^ ing locaUties :— 

From AnHram, opposite to Kotar— 
Palisgya conferia. 
ChevrolepU Mtteneteri. 
From Naogaon, in the valley of the Jangaon river, and 9 miles east of Jangaon 
village — 

Palissya Jahalpurensis. 
Araucariies Kdchenau, 
From between M6h4r and BaJAnpur, 12 miles west of Jangaon villago-*- 
Palissya conferia. 
Ohevrolepis Muensteri. 

From Ghiraktmt^ 4 miles south of Jangaon — 
TcBMopterisy sp. 
PtUophyllwn ousutifoliu/m. 
Oycaditesy sp. 
Palissya, comp. conferia. 
Palissya^ sp. 
Of the fossils from Chirdldmt, which were obtained during the early part of 
this year (1877) and have only been recently examined by Dr. Feistmantel, he 
says— 

" The fossils from Ghiriiktint, as far as I can determine or correlate them at 
present, are — 

FiLIOES. 

** AngiopieridiiMn (Toeniopieris) sp. About 3 leaflets of a very slender form, with 

well-marked midrib, and thickish, dichotomous secondary 
veins, passing almost horizontally out of the midrib. The 
same form is as yet only known in the Ragavapuram shales, and 
reminds one of Tcentopieris Daintreeif McCoy, from mesozoio 
rocks in Victoria and Queensland, which is an Angiopieridvum 
also. 

Ctcadbace^. 

" PtilophyUwm acuiifoliumy Morr., the common form. 

" Oycadites, sp. — a leaflet belongs to this genus and is of the Bagavapuram type. 



Conifers. 

" Palissya oomp. conferia. — There are pretty numerous branches of a conifer, 

which, I think, belongs to this iype of the Rdjmah&l group, 
and Sripermatur group (=: Bagavapuram beds). 

** Palissya sp., a different species." 
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Associated with these plants, I found some oaats of a bivalye shell, resembling 
an Unto. Dr. Feistmantel was nnable to determine it. 

By reference to Mr. King's table of strata (Bee. O. S. I., Vol. X, port 2, page 56), 
it will be seen that the Bagayapnram shales, which overlie the B4jmah41 
group (Golapili sandstones) near GolapiU on the lower Gt>d6yari, are placed as 
the equivalents of the Kota-Maleri group. That the beds in which the Chirdkunt 
fossils occur do belong to the K6ta-Maleri gronp is a point in regard to which I 
mjself have no doubt. In the neighbourhood of IdliLra there are the unmis- 
takable red clays with lenticular layers of greyish-green granular argillaceous 
sandstones,' and sandstones with clay galls, of the Kota-Maleri group. Thence to 
the south, as far as the range of hills capped by trap, there is no interruption to the 
series ; and, at a short distance up the north face of the range and about a mile 
and a half east of Chirfikdnt, soft, pale yellow, fossiliferous shales occur that yielded 
the few species of ferns, cycads, and conifers, &c,, which were enumerated above. 

Dr. Feistmantel's conclusion as to the age denoted by the flora bears out the 
determination made by myself in the field. 

Amongst the plants at Chirdktint there is one conifer, Palissya confertOy 
which occurs at An4ram in sandstone under the Kota limestone bed. Hitherto it 
has been considered a very characteristic form of the BajmahiQ series,' but 
if the Chirfikdnt beds are the equivalents of the Bagavapuram shales, and the 
Bagavapuram shales are younger in age than the Golapili sandstones or Baj- 
mahal g^up, the vertical range of Palissya canfetia is increased. If, on the other 
hand, its restriction to the B^jmahal group be maintained, then an alteration in 
the classification of the rocks must be made. The more reasonable view, however, 
is, I presume, to admit the wider range of Palissya cofiferta. 

The same plant was discovered in 1872 by Mr. Fedden, between M6hir and 
Bal&nptir, west of Jangaon, in sandstones which I have included as Kota-Maleris. 
These sandstones (that is, those in which plants occur) are very like in appear- 
ance to the Golapili sandstones, in which Palissya is found. Mr. Fedden, speaking 
of these Bal4npi!lr beds, says, " They consist of fine softish sandstones, in parts silty, 
and with ferruginous bands and layers, the latter having plant-Uke flutings and 
hollow, wood-like casts, so characteristic of some of the upper Jurassic beds of 
Kach. Moreover, some of the ferruginous bands have septaria-like intersections. 
The few specimens of Palissya and isolated leaflets that were found occurred in 
the finer sUty sandstone.'' Mr. Fedden, it may be noticed, alludes to an upper 
Jurassic likeness ; a^d more than once in his manuscript report for the season 
1871-72, when describing different portions of the geology of the Jangaon river 
valley west of the town, he adverts to the circumstance. Whether these M6h&r<^ 
Bal4np<ir Palissya beds are like the Golapili sandstones, or like the upper 
Jurassic rocks of Kach, there is no doubt that they oonstitute a part of the Kota-i 
Maleri group. 

The shales and sandstones near Naogaon (in which I last year discovered 
Palissya Jabalpurensis and Arcmcaritee Kackenais) are also components of the 

' These are very characteristic beds of the Kota-Maleri group. 

' ^ee PalsBontologia Indioa, 1877, Ser. II, 8, Jurassic (Liassic) Hera of the lUjinahil gioi^ 
from Gblapili (near Ellore), South Qod&vari District, p. 188. 
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gronp. They may be higher in the series than the Mdhfir-BalAnpnr beds, their 
plant forms snggesting this snrmise. I cannot adduce any stratigraphical evidence 
that bears upon the relationship of the Naogaon and M6hdr-BaUnp6r or Chiri- 
ki'mt beds, for sections are of the most broken and nninstmctiye character 
thronghont the whole of the valley of the Jangaon river. The rocks that appear 
are sufficient indexes of the group, but they are inadequately exposed for nice 
determinations of stratigraphical questions. A look at the map will tell rapidly 
and clearly the extent of area that I include under the head of Kota-Maleris. 
The names of localities invested with most interest are printed in block type, 
and it is easy to note their relative geographical positions. The conclusions 
regarding the Kota-Maleri group and their distribution are — 

1. — That they overlap the Kimthis, but are not directly unconformable to 
them. 

2, — That the red clays and sandstones of Maleri, and the red clays and sand- 
stones above the limestones of Kota, are conformable members of the 
same group, undistinguishable lithologically, and presumably con- 
taining like reptilian remains. 

3.*^That the Kota fish beds, and the Maleri fish and reptilian beds, belong to 
the same group. 

4.*-That the plants of Rdjmahdl type in the An^ram sandstones (Falissya 
conferta and Gheirolepis Munsteri) and the plants from the Chir&kfint 
shales, are from the same rock group. 

5.— That the affinities of the plants are with the upper Gondwana, rather 
than with the low^r Gondwdna flora. 

F. — Ohikidla Group, 

On the left side of the Prdnhita, there is a range of hills near Chikidla, which 
attracted the attention of Mr. King and myself when encamped at £nchdpali, as 
it was apparent that they were made up of thick sandstones, differing from those 
constituting the Kota-Maleri group. On examination, we found the scarp that we 
ascended made up of heavy conglomerates with a large percentage of ferruginous 
matter, ferruginous glassy-looking sandstones, and soft sandstones with thin 
iron bands. The general colour is brown, as might have been anticipated from the 
fact of so much iron entering into the composition of the rocks. The con- 
glomerates contain many fair-sized pebbles 3' or 4^ to 6" long. Some of the 
sandstones present a mammillated weathered surface, a feature that reminded 
Mr. King forcibly— -when taken in connection with their lithological character— 
of the rocks which in the lower course of the Goddvari he has classed as upper 
Jurassic (Tripetty group). 

The Chikidla rocks extend across the Pr&nhita in a north-west direction, and 
I traced them as far as the river that flows near Bibra. Throughout there is a 
strong development of ferruginous matter, either in the form of bands of varying 
thickness o^ in concretionary masses, or as scattered colouring substance. Frag- 
ments of foreign rock in the sandstones are also common. The iron ore worked 
by the smelters of the country is derived almost entirely from the Chikiila 
group. 
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The main deyelopment of tlie CHki^la group is in the Pdmhita region ; but 
overlying the Kota-Maleris near BaUnp&r is a small thickness of rocks that I 
would include as members of the ChikiMa series. The discovery of coal of 
Jurassic habit is the chief element of distinction ; otherwise, I should scarcely 
have felt warranted in limiting the Kota-Maleri upper boundary at any bed 
but that in contact with the intertrappeans or trap. The coal occurs in irregular 
strings, in a clay shale, of which 5 feet are exposed. Above, is yellow, -soft 
sandstone, obliquely laminated at the top, and containing fragmentary carbon- 
aceous markings. The upward section for a short distance is obscured, and 
then intertrappean and trap beds follow. 

It is only in this one locality that I have ventured to map beds of a higher 
horizon than Kota-Maleris beyond the limit of the Prdnhita valley, but in two 
instances, along the southern side of the Jangaon river valley between Chirakdnt 
and Belgaon, I noticed a sandstone with ferruginous concretions that would have 
passed muster as a Chiki&la sandstone. I am simply following Mr. King's lead in 
placing the rocks at Chiki^la as a group distinct from the Kota-Maleris. 



I^OTSS ON THE GbOLOQT OF £[jlSHMIR, KiSHTWAK AND PaKGI, hy B. LtDBKKER, B.A., 

Oeological Swrvey of India, 

Introduction. 

DuBiNO the past summer I have been engaged in examining the rocks of a 
considerable portion of Kashmir, and of the valley of the upper Chinib, as far as 
British Lahdl. A great portion of the area traversed has been entirely new 
ground in a geological point of view ; while other parts have been those which 
remained between the various lines of section taken by the late Dr. Stoliczka^ 
and by the survey of which these various lines have been brought into connection 
with one another. 

Although I have been able to color in a considerable portion of the map, yet 
the results obtained from the season's work are not in every instance quite so 
exact as I could have wished, owing to the fact that almost all the strata described, 
with the marked exception of the carboniferous series, are unfossiliferous. This 
absence of organic remains compels us, in referring the different rock-groups to 
their proper geological horizons, to depend on purely stratigraphical evidence ; and 
in some cases this kind of evidence is but uncertain. It must, therefore, be 
clearly understood that probability plays a certain part in the correlation of some 
of the disconnected rock-groups. 

It may, perhaps, here not be out of place to call attention to the extraordinary 
absence of fossil remains in so many of the Himalayan formations. This absence 
is equally noticeable in the Silurian slates of the Pfr Panjal and Kashmir, in the 
equivalent slates and limestones of Pangi, and in the older Tertiary deposits of 
the outer hills. In the still older gneissoid and micaceous rocks, traces of fossils 
might have been expected to have been, to a great extent, obliterated by subsequent 
metamorphic action; but even among these older metamorphic rocks there are 
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knany beds of comparatiyelj litiJe altered slates and shales which onght to have 
)?etamed traces df organic life had such lived in the seas in which these rocks were 
deposited. I think that we cannot but conclude from the absence of fossils in sd 
many deposits, so, favorable to their preservation as are the limestones of the 
Eiol and Krol groups, that parts of the old Himalajan seas, strange as the fact 
may appear, were from some yet unknown cause, over wide areas unfavorable to 
any great developement of animal life. ' 

As the country traversed by me consists of several seun-distinct lines, I have 
thought it best to treat of these several lines or sections under distinct headings, 
following in this respect the example set by the late Dr. Stoliczka in his memoir 
entitled '' Geological Observations in Western Tibet." ' This method has many 
obvious advantages, although it is open to the objection of necessarily involving 
a certain amount of repetition. 

The survey of a wider area has necessarily led to certain modifications of some 
of the views expressed in my previous paper on the '' Geology of the Pfr 
Panjal ;" in the main, however, the conclusions there arrived at as to the ages of 
the different rock-gromps have been maintained. 

I have here to offer my thanks to Mr. Drew, late of the service of the Maha- 
rajah of E^ashmir, for the g^ of notes and sections taken by him in varioua 
parts of KaahTnir territory, and which have afforded me several important pieces 
of information^ as well as suggestions in classifying the different rock-groups. 

I.— Thb Tbbtusibs Aim Post-Tbbtubibs or EisHiaB. 

The so-called Elarewahs of Kashmir have abeady been treated of by several 
writers, among the best known of whom are General Cunningham in his 
" Ladak ;" Major Godwin- Austen in the '' Quarterly Journal of the Geological 
Society of London ;" ' and Mr. Drew in his '' Jummoo and TTimliTmV 
Territories." • 

Daring the early part of last spring I proceeded along the Kashmir side of 
the Fir Panjal range, for the purpose of tracing the boundaries of these deposits. 

Along the greater part of the north side of the Plr Panjal, after leaving the 
older rock-series, we come upon beds of either clays, sands, gmvels, or conglo- 
merates, which have the normal north-westerly strike of the Himalaya, and a 
north-easterly dip vaiying from five to twenty degrees. Mr. Drew has noticed 
the occurrence of these beds at page 211 of his above-quoted work, and I have 
already referred to their presence at Bfiramula in the *' Records of the Geological 
Survey of India." * 

At B^ramdla these Tertiary beds consist of yellowish clays and conglomerates^ 
with an average dip of about ten degrees ; the same conglomerates are also 
developed in great force to the north-east of the latter place, where they are still 
more tilted, and where they have a very great resemblance to the upper conglo- 
merates of the Siwalik series of the outer hills. The blue clays and yellow 
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Bands can be traced to the north as far as Shaldrai To the 80iith*east of 
Biramdla, almost np to the town of Shapijan, the lowest beds of these deposits 
consist of stiff blue clay, with the same dip and strike, the conglomerate beds being 
generally either absent or replaced by clay ; the conglomerates, howeyer^ reappear 
at Hirpdr on the Ptr Panjal road. Mdjor Oodwin-Austen has noticed that these 
conglomerates and sand beds at the latter place are several hundred feet in 
thickness ; and he has obtained from them many existing species of terrestrial 
and fluviatile shells, as well as dcales of fishes. 

If we follow these highly-tilted clay and conglomerate beds towards the centre 
of the valley of Kashmir as we can well do aJong the main road from Oulmarg, 
where they are greatly developed, we shall find that as we advance towards 
Srinagar the dip of the beds gradually decreases, until it is not more than a very 
few degrees from the horizontal ; while at the same time the conglomerates and 
blue clays disappear and are replaced by light-colored sands and loamy clays, 
bearing very distinct marks of stratification. Finally, as we get within a few 
miles of Srinagar (beyond which place these deposits have been denuded away)| 
we find that the strata are almost, if not quite, horizontal. 

It is, therefore, apparent that we have been crossing the strike of a continuous 
formation, the lower beds of which are tilted and often conglomeritic, while the 
i^)per beds are nearly horizontal and sandy or clayey. There is no sign of any 
break in this formation that I can detect, and I should think that at a low esti« 
mate it cannot be less than one thousand feet in thickness. 

Turning now to the opposite side of the valley, and taking the section near 
Pamptir as a typical instance, we find here also a considerable thickness of stratified 
clays and sands which are perfectly horizontal ; these seem to correspond to the 
topmost sandy beds on the opposite side of the valley. Mr. Drew says {twp, cit^ 
p. 209) that similar beds to the north of Islamabad attain a thickness i)f from 
250 to 300 feet. Below these sandy beds, north of the latter place, there occurs 
a considerable thickness of limestone conglomerate, resting conformably on a 
sloping surface of the carboniferous limestone, and itself sloping also, according to 
Mr. Drew, at an angle of from seven to fifteen degrees. 

The whole of the horizontal sandy deposits to the north-east of the valley, 
together with the upper sandy deposits of the south-western side, I propose to 
call the upper Karewahs; while the tilted clay and conglomerate beds along the Pfr 
Panjal I shall designate as lower Karewahs. There is no evidence to prove that 
the conglomerate underiying the upper Karewahs at IslamUblid is contemporaneous 
with that of the lower Karewahs at Biramilila, and I am inclined to take 
Mr. Drew's view that it formed an ancient lake beach, and was deposited on a 
sloping shore. 

On the south-western side of the valley of Kashmir it is quite dear from the 
presence of the tilted Karewahs that a very great disturbance has taken place along 
the Pfr Panjal range since the period of the deposition of these Elarewahs ; this 
disturbance has elevated the beds of the lower Karewahs to an angle of more 
than twenty degrees in certain places, but it does not seem to have extended 
inwards to the centre of the valley of Kashmir. It is important to notice 
that the strike of this disturbance coincides in direction with the strike of 
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the distiirbaiioe wMoli has raised the Siwaliks of the outer hills into their present 
position ; the Karewahs, however, differ from the outer Siwaliks in that the dip 
of the beds inclines away from, instead of towards, the adjoining range. 

This tilting of the Karewahs, together with the great amount of denudation 
which they have subsequently undergone, serves to indicate that these deposits 
are, relatively speaking, of very great age ; and I am inclined to think that, at all 
events, the lower Karewahs cannot be much, if at all, newer than the upper 
Siwaliks of the outer hills, and that therefore they probably belong to the top- 
most pliocene or pleistocene period. I am the more inclined to adopt this view, 
because we know that in the outer hills the period of disturbance did not extend 
to the epoch of tiie Post-Siwalik deposits, which are in all cases horizontal ; and 
it seems to me most probable that the same general disturbance acted as well on the 
Kashmir Tertiaries and Post-Tertiaries as on the SiwaHks, but that it may 
perhaps have lasted a little longer in the former area. 

Mr. Drew has already pointed out the distinction between the modem allu- 
vium of Kashmir and the Karewahs, and he has also shown that, at all events, 
the greater part of the former was deposited before the date of the construction 
of any of the ancient buildings of Kashmir, but how much before we do not at 
present know ; as far as this evidence goes, it all points to the great age of the 
Karewahs. 

I do not here propose to enter into the question of the mode of deposition of 
the Karewahs, as this has ah?eady been discussed by General Cunningham, Mr. 
Drew, and others ; I will, however, here mention that I think there can be no 
doubt but that the above writers are perfectly correct in assuming that these 
deposits have been formed in the bed of a vast lake which once covered the whole 
of the valley of Kashmir. 

Below fiaramlila, the valley of Kashmir is now bounded by a low ridge entirely 
formed of fluviatile deposits; this ridge evidently forms the remnant of much 
larger deposits, which once extended lower down the Jhelam valley, but which 
have subsequently been removed ; it seems, therefore, clear that the old lake must 
have extended lower down the Jhelam valley than the present boundary of the 
valley of Kashmir, until it was stopped by some dam. It is not improbable that 
this old dam existed in the narrow gorge through which the river now flows at 
Rampur, some ten miles below Bdramtila, this gorge having been deepened out 
since the Kiurewah period. At page 171 of the " Wanderings of a Naturalist in 
India" Professor Leith- Adams appears to consider that the Bdramula gravels were 
formed by a glacier which dammed Kashmir at this place. The regular strati- 
fication of these gravels appears to me to be against this view of the case. 

There does not now appear to be any trace of Karewah deposits remaining 
in the Jhelam valley between Biramtila and Rampur ; these having been all 
removed and replaced by more recent river deposits, — another proof of the age 
of the Karewahs. 

I am not sure to what extent the Karewahs formerly extended up the eastern 
end of the valley ; at the present time (as is shown on the map) the whole of the 
country about Sag^m is covered only by modern river alluvium, generally above 
the level of river deposit, which is at once distinguished from the Karewahs by 

£ 
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the absence of str atification. Lower down in the rallej, as at Kailg4m, the mo- 
dem allnyiiim still exists in considerable force, but the yellow and blue days of 
the Karewahs are exposed in the river sections ; still farther west, as near Shar 
pijan, the Karewahs generally form the surface soil, though near the river valleys 
they are often covered with a boulder deposit of more modem origin. 

II. — The Older Rocks op the south-east of the Valley of Kashmir. 

In my previously published notes on the geology of the Pir Panjal, I have 
already given some account of the rocks composing that range, more especially 
those on the outer side ; in that paper, following former writers, I assumed the 
probability of the Cambro- Silurian age of these rocks. I may now state that dur- 
ing the present season's work the same rocks have been traced across the valley 
of Kashmir, and have been there incontestably proved to be in great part of 
Silurian age, though some of their lower beds may be Cambrian. In the present 
account these rocks will generally be referred to as the Panjal or Silurian series. 

Before commencing the description of these rocks in the Kashmir valley it may 
be as well to state here, that wherever the word filate occurs, it is used in the 
Mrider sense, not implying distinct cleavage. I may also mention here that in the 
map accompanying my paper on the " Geology of the Pir Panjal," the Panjal 
rocks are referred to as " crystalline schists," whereas they should have been 
referred to as slates and amygdaloids. 

It may also be not out of place here to refer shortly to the amygdaloidal rocks 
of the Pir Panjal and other parts of Kashmir, before proceeding to describe any 
of the sections ; this is the more advisable, because in my previously-quoted paper 
on the geology of the first-mentioned region, I discussed i^e question as to the 
volcanic or metamorphic origin of these rocks, a question which I then left still 
in great part «t^ judice, though I inclined somewhat to the theoiy of their meta- 
morphic origin. • 

If our researches were confined to the Pir Panjal range, we should, I think, 
have but little prospect of arriving at any very definite conclusion as to the mode 
of formation of the rocks in question, since in that region these rocks always 
occur interstratified with the slates, and their composition is often such that we 
cannot in the field predicate either their igneous or metamorphic origin. If they 
be trappean, they must be, as will be gathered from my former paper, of contem- 
poraneous origin with the slates, and therefore we are debai^red from any evi- 
dence which might have been afforded by dykes as to their trappean origin. 

On the north-western side of the valley of Kashmir, however, near Srinagar, 
and in the Sind valley, there exists a formation which agrees with the series of 
the Pir Panjal, in containing certain amygdaloidal rocks very much resembling 
those of the latter region. These amygdaloidal rocks of the Sind valley, however, 
difEer in their association from those of the Pir Panjal ; instead of being inter- 
stratified with slates, as in that range, and the whole series showing a markedly 
stratified appearance, these rocks are mingled with a compact greenstone-like 
rock, and with another granular greenish rock, like anamesite ; the greenstone-like 
rock frequently contains large pear-shaped nodules of chalcedony, and small 
needles of a minei*al, which is, I think, chrysolite. The whole formation is entirely 
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devoid of any signs of visible stratification, and forms bold massive cliffs, very 
different in appearance from the slates of the Pfr Panjal. 

I cannot but think, both from the physical appearance, and from the composi- 
tion of these rocks (and more especially from the presence of chrysolite and 
nodnles or amygdala of chalcedony) that they are, in great part at least, of 
eruptive origin ; although some of their upper beds may have been brought into 
their present state by the aid of metamorphism. 

Afisuming then the, at all events, partly eruptive origin of these Sind valley 
rocks, it remains to see what relation they bear to the thin-bedded amygdaloids 
of the Pfr Panjal. Now, these presumably eruptive Sind valley rocks underlie 
the carboniferous limestone ; they do not, however, penetrate into this limestone, 
which must have been the case were they intrusive trap ; we can, therefore, only 
presume they are of contemporaneous origin with the rock series with which they 
are associated, — that is to say, that they are of tti/ro-carboniferous age, or of the 
same age as the upper slates and amygdaloids of the Pfr Panjal range. It 
may be observed in passing that, even regarding these rocks as eruptive and contem-* 
poraneous, it is remarkable that no case of intrusion should have been observed in 
connexion with them. This important evidence is wanting to finally decide the 
question of their origin. 

The rocks of the upper Panjal series must be therefore contemporaneous with the 
trappoid rocks of the Lower Sind valley, and if, as seems to be the case, the latter 
be of eruptive origin, it would seem probable that some of the amygdaloids of the 
Panjal are likewise of eruptive origin, although there is a gradual transition 
from the typical amygdaloids to the slates, which, in some cases, may perhaps 
be due to the effect t)f metamorphic action, or to the original commingling of 
detrital and eruptive matter. 

On the eruptive hypothesis of the origin of the amygdaloids in the two 
areas, it remains to be considered why in one area they are associated with slates 
and in the other with rocks of more decidedly igneous characters. Now, I think 
the most probable explanation of this difference is that in the upper Panjal 
period, there were a number of small and intermittent flows of trap in the area 
of the Pir Panjal range, and that deposition of mud went on regularly in the 
intervals between these flows ; moreover, these flows of trap seem to have been 
too thin to have produced greenstone-like rocks, all of them being more or less 
amygdaloidal or vesicular, and indicating no great pressure from above. In the 
greater part of the Sind valley area, on the contrary, there seems generally to 
have been exceedingly little trap poured forth among the slate series which under- 
lies the carboniferous limestone, but in the Lower Sind valley and near Srinagar 
we have a vast mass of trap which was poured forth immediately before the 
deposition of the carboniferous limestone, and which seems to have been extremely 
local, since higher up the Sind valley ( — mfra) we find pure slates underlying 
the carboniferoTis limestone. This Lower Sind valley trap was of such thiclmess 
SA to have produced greenstone-like rocks in its lower portion, where the pressure 
was greatest ; while in its higher portion, where the pressure was of course far 
less, we find amygdaloidal and vesicular rocks, like those of the P(r Panjal ; 
mingled with rocks which may be altered slates. 
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Aocordiog to this view, the massiye trap and trap*like rocks of the Sind 
vallej are only amplifications of the thin-bedded trap of the Pfr Panjal, and both 
are the equivalents in time of the simple slates which in many other places 
underlie the carboniferous limestone. This identification of the two trappoid 
rocks is, of course, independent of any theory as to their origin. 

In many other parts of Kashmir and the neighbouring districts trap-like 
rocks are found in greater or less force among the Silurian slates, but never 
extending up into the carboniferous period. It is impossible to indicate all the 
occurrences of these trap-like rocks in a small-scale map, and by means of the 
necessarily imperfect survey which is all that can be attempted in these some- 
what difficult regions. Where, however, these rocks occur in considerable force, 
they are indicated by crosses in the slate series ; no attempt has, however, 
been made to distinguish between the thin-bedded amygdaloids of the Pir 
Panjal, and the massive greenstone-like rocks of the Lower Sind valley and 
Srinagar. 

The iuterstratified amygdaloids of the Pfr Panjal, taken together with the 
peculiar conglomerate referred to in my previous memoir on that range, afford us 
valuable aids in recognising those rocks in other districts. These amygdaloids 
are most abundant on the outer sides of the Pir Pajijal range, and in the neigh- 
bouring parts of Kashmir also extend into the Wardwan valley and into Eisht- 
war, where, however, they are in much less force, the slates and sandstones there 
predominating. 

Specimens of these varieties of the trappoid rocks of Manasbal near the 
Lower Sind valley have been forwarded to Colonel McMahon, who has made 
sections of them for microscopic examination, some of which, together with his 
notes, he has kindly sent to the Indian Museum ; it is from these notes that the 
following observations have been compiled. The specimens sent comprised a 
finely porphyritic rock, which will be designated as A ; a compact rock, which, 
we will call B ; and an amygdaloid, which we will call C. 

Colonel McMahon considers that A is undoubtedly igneous. Crystab of 
white felspar occur abundantly in this rock, having their axes turned in all 
directions, in a manner which is very characteristic of trap-rocks. Since its 
igneous liquefaction, this rock has been altered by aqueous metamorphism ; this 
is rendered evident by treating the rock in the matrass, when on the application of 
a moderate heat (very far short of a red-heat) it readily gives off water. When 
thus treated this rock also gives off an acid vapour ; it also answers to the silver 
test for sulphides, and therefore probably contains iron-sulphide, though crystals 
of this mineral (pyrite) were not satisfactorily observable under the microscope. 
The other results of the metamorphism which has taken place subsequently to the 
cooling down of the rock are clearly visible. Masses of green chlorite are very 
prominent here and there, while the felspar crystals, which seem originally to 
have been pure triclinic prisms, are now clouded with flocculent, chloritic matter, 
which has- impaired their pristine translucenoy ; even now, however, under the 
polariscope, polychroic tints are here and there distinctly displayed. The cloud- 
ing of the felspar crystals due to metamorphism has nearly obliterated all traces 
of the twin-crystals of the triclinic system, but portions of these seem to be still 
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remaumig in some of the sections, if we may jndge by the parallel bands of color, 
(so characteristic of the triclinic felspars) which appear in certain of the crystals. 
This rock fuses readily into a bead, and contains 54*1 per cent, of silica. 

The rock designated as B appears to consist of an iron-silicate disseminated in 
thick, floccnlent masses through a f elspathic base ; it shows no traces of a crys- 
talline structure ; and it may be a trap or it may be an altered slate. The iron- 
silicate in this rock does not appear to be hornblende, since the whole of its color- 
ing matter is extracted by hydrochloric acid. This rock also contains a con- 
siderable amount of hydrous minerals, which readily give off water in the matrass, 
on the application of a moderate heat ; it contains 62*9 per cent, of silica, 30 per 
cent, of alumina and iron, a considerable quantity of lime, and a small quantity of 
magnesia. As far as its chemical composition goes, there is therefore no reason 
why this rock should not be a trap ; the absence of distinct crystalline structure 
is somewhat against this yiew, though Colonel Mc^ahon mentions that certain 
rocks from Edinburgh described as basalts do not exhibit crystalline structure. 
Colonel McMahon suggests that it is not impossible that this rock may be a 
sub-aqueous volcanic product, such as ashes deposited in the form of mud on a 
sea-bottom, or the product of the sub-aerial erosion of trap. 

The amygdaloidal rock C according to Colonel McMahon appears to be a 
trap, since it shows the same quaquayersal arrangement of the felspar crystals 
which was obseryed in A ; this peculiar structure Colonel McMahon considers 
could not be produced by aqueous metamorphism. As was the case with A, this 
rock also shows abundant signs of subsequent metamorphism, patches of chlorite 
occuring in many places in the crystals ; the rock was probably at first a porous or 
sooriaceous, igneous product, and has been subsequently altered by the infiltration 
of extraneous substances through its pores. 

The above observations of Colonel McMahon on the Manasbal rocks are of 
great importance ; from these observations it appears to be pretty evident that at 
least some of these rocks are of igneous origin, and it is further evident that all of 
them have been altered by subsequent metamorphism. The resemblance of the 
amygdaloids of the Pir Panjal to those of Manasbal, which we have already 
referred to, renders it probable that some of the former are also of igneous origin. 
A greater amount of subsequent metamorphic action in one part of Elashmir than 
in another, would account for the discrepancy in the character of the rocks which 
so often occur. Thus at Manasbal this metamorphic action appears to have 
been of great force, and has not improbably merged both slates, trap-ashes, and 
perhaps true traps into a homogeneous rock like B, which is intercalated with, 
and in the mass indistinguishable from, true trap rocks like A and C ; in the Pir 
PanjflJf on the other hand, the metamorphic action has been less strong, and has 
not generally altered the slates, except perhaps occasionally near the amygdaloids, 
into a rook resembling trap. In the one area the whole rock-series looks like 
an igneous rock, and shows no signs of stratification ; while in the other the 
igneous rocks occur generally as thick bands in the aqueous, and the series taken 
as a whole consequently shows very distinct signs of stratification. Intermediate 
states of metamorphism, coupled possibly with a greater or lesser eruption of 
ashes, would account for the condition of rocks which, like those of parts of the 
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upper Lidar valley, are intermediate in character between those of Manasbal 
and those of the Pir Panjal. 

We may now continue our survey of ihe Panjal series, which, in my already- 
quoted paper of that region, we had traced across the range to Bdramdla. 
Travelling along the foot of the north side of the range from the latter place 
towards the east, we find that the rocks consist of blackish slates, with a few 
bands of white quartzite, and others of little altered green or greyish sandstones. 
Further to the south-east, near the village of Poshgar, the amygdaioidal 
traps interstratified with slates are in considerable force; these rocks have 
a south-westerly dip and the normal north-westerly strike which prevails 
along the whole of this side of Kashmir ; the south-westerly dip continues along 
the range as far as the town of Kulg^m ; a little to the east of this place, near 
the village of Gundpura, we come upon a north-easterly dip, which is the 
continuation of the anticlii^al and synclinal axes which were noticed in my 
previous paper as occurring to the south-west of the Banihal pass, and which 
cross the range into Kashmir at its bend to the west of the pass. 

Throughout the above-mentioned area the Panjals maintain their normal cha- 
racter, consisting of slates and amygdaloids with some sandstones ; the amyg- 
daloids are, however, less prevalent to the eastward than in the centre of the 
range. The matrix of these amygdaloids is nearly always of a compact texture, 
and green in color : the amygdala are generally greenish- white in color, but are 
sometimes green, of a darker hue than that of the matrix ; the amygdala are 
too hard to be scratched by the knife, and in places undoubtedly pass into nodules 
of chalcedony. Near the village of Q6ndp1ira the amygdala are generally quartz- 
itic or chalcedonic in character; these are usually pear-shaped, and often as 
much as three inches in diameter. 

In the bed of the river flowing from Oulmarg, as also in the Yechari, and 
other streams, pebbles of gneiss, similar to that found to the south of the Banihal 
pass, are of common occurrence ; this afEords us proof that the same band of gneiss 
extends along the Pir Panjal range to the westward of the latter place, although 
I have not yet had an opportunity of tracing its boundaries. 

I have already mentioned, in my previous paper, the occurrence of a band of 
conglomerate on the south side of the Panjal range. In a section taken by 
Mr. Theobald across the Mohun pass, this band was found in situ ; it occurs at a 
considerable distance above the gneiss, apparently somewhere near the middle 
of the Panjal group.* 

Taking now a section across the Pir Panjal pass to the outer hills, we find 
the following series of rocks. A little above the village of Hirpiir we leave the 
sandstones and conglomerates of the lower Karewah series, and come upon a 
series of green rocks with very indistinct stratification ; some of these rocks are 
amygdaioidal, and from their resemblance to the upper amygdaioidal trap of the 

' X may here mention that Professor Leith- Adams, at page 214 of his " Wanderings of a 
Naturalist in India," speaks of the finding by a native shikari of an ammonite near the village 
of Tortiana on the Panjal. I cannot bnt think that this specimen was not authentic, as we have 
very good reason to believe that the whole of the Pttnjal rocks are palsBozoic. The specimen was 
probably derived f torn the triassic rocks of the opposite side of the valley of Kashmir. 
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opposite side of the valley of Kashmir, must probably, as we have seen, be con- 
sidered as of emptive origin ; it is, however, in many cases extremely difficult to 
decide in this region whether certain of these green rocks are of emptive origin, 
or whether they are metamorphosed sedimentary rocks. 

Proceeding farther np the Hirpfir valley, and approaching the old Mognl 
halting place of Dnbchi, we find these amygdaloidal rocks nnderlaid by black slates 
with a north-easterly dip ; at Dabchi itself there is a small anticlinal and syn- 
clinal fold in these slates. Above Dabchi we have a continnons descending series 
of slates mingled with a few bands of conglomerates which contain qnartzitic and 
slate pebbles, till some distance below Aliabad serai, where we find buff and 
white quartzites underlying these slates ; near the latter place we again come upon 
black slates which underlie the quartzites : these slates contain rounded and 
angular masses of gneiss. Immediately above Alidbad serai we come upon 
granitoid gneiss underlying the black slates with the same north-easterly dip ; the 
gneiss includes a few bands of slates and quartzites. 

This gneiss continues nearly to the summit of the Fir Panjal pass, and bears 
to the north-west^ along the ridge of the Chitta-Pani and Chota-GaUi passes. 
Near the Pir Panjal pass the beds of the gneiss are almost vertical ; still nearer 
the summit of the pass we come upon black slates with imbedded gneiss pebbles 
apparently underlying the gneiss, and, again, similarly underlaid by whitish 
quartzites which form the summit of the pass. On the south-western side of the 
pass we have a regular series of rocks with a north-easterly dip apparently 
underlying the quartzites ; these consist of slates, sandstones and conglomerates 
similar to those of the opposite side of the pass, only that the latter rocks are in 
greater force on the south-eastern side. These slates and conglomerates continue 
nearly to Baramgalla, where we find amygdaloidal rocks interstratified with the 
slates : these slates and amygdaloids continue with the same north-iaasterly dip 
till we come upon the limestone rocks of the Suran river, which have been mapped 
in my previously published paper on the geology of the outer side of the Pir Plm- 
jal range. 

From the above description it will be apparent that on the north-east side of 
the Pir Panjal we have the following series of rocks, counting from the highest 
to the lowest, viz. ;— 

1. Greenish slates and sandstones and amygdaloidal rocks. 

2. Black and green slates with brown sandstone conglomerate, containing 

pebbles of quartzite and slate. 

3. Whitish quartzites and sandstones. 

4. Black slates containing pebbles of gneiss and quartzite. # 

5. Granitoid gneiss with occasional bands of slate and quartzite. 

If now we turn to the rocks on the southern side of the gneiss, we shall find 
thai they present the same series, only in the reverse order ; the uppermost rocks 
of the north-eastern side being the lowest on the south-western side, and vice 
versd. 

This section i^erefore seems to be only explicable in the same manner as that 
across the Banihal pass (of which I gave a diagram in my previous paper), namely, 
by the inversion of all the strata on the south-western side of the range. The 
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gneisBic strata mast, therefore, form a great anticlinal axisconfonnabljimderljiiig 
the slates on either side ; this gneissic ridge, however, is not altogether contina- 
ous, as it does not occur in the gorge at the bottom of the Jhelam valley, 
where the slates, much contorted, form the whole section, and apparently bend 
round the masses of gneiss existing in the hills on either side of the valley. 

According to this view the limestones of the Suran valley, which I presume 
to be inverted, are, as I supposed in my former paper, the topmost beds of the 
PIr Panjal series, and are probably, as I shall show subsequently, of carbonifer* 
ous age ! ^ 

The presence of gneissic pebbles in the Panjal conglomerates must probably 
be accounted for by transport from other outcrops of gneiss, as the gneiss of 
the Pir Panjal is conformable to the overlying slates, and could not have been 
denuded at the time of the deposition of the latter. 

Having now traced the slates and amygdaloidal rocks of the Pir Panjal 
range along the greater portion of the south-western border of the valley of 
Kashmir, we may cross to the opposite or north-eastern side of the valley, and 
proceed with our survey. Taking the ciiy of Srinagar as our starting-pointy 
and proceeding thence to the neighbouring hill called the Takt-i- Suleiman, we 
find that the rocks on the western side of that hill are massive, and without any 
stratification, of a greenish color, and either homogeneous or amygdaloidal ; the 
same rocks also form the small hill on which is built the fort of Hari-Parbat. 
These rocks' are the same as those which we have aJready referred to in the 
Lower Sind valley, and which we shall again have occasion to refer to, and, as 
we have seen, are probably to a great extent of trappean origin. 

To the eastward of the Takt-i- Suleiman, we come upon a band of black and 
green slates, which, towards the north-west of Zebanwan station, is overlaid by 
calcareous sandstones, cherts, and slates; near the Nishat Bagh these rocks have 
a northerly strike and dip towards the trap-like rocks which compose the main 
range to the north-east ; the sandstones contain imperfect fossils, but too broken 
for identification. 

I think that the lower slates near the Takt-i- Suleiman, from their resem- 
blance to other rocks, belong in all probability to the Silurian or Panjal period, 
while the overlying calcareous and arenaceous rocks have a great resemblance 
to the lower carboniferous rocks of the Marbal pass, which we shall subsequently 
discuss, and may very possibly be the equivalents of these rocks, though in the 
absence of any definite proof to this effect, and for reasons to be noticed imme- 
diately the rocks are all of one color in the map. 

\Now comes the question as to the relation of these slate rocks to the trap : 
we have already seen that the former dip towards the latter, and we have also 
seen that the latter in the Lower Sind valley underlies carboniferous rocks, and 
is consequently of high Silurian age ; this would tend to show that the slaty rocks 



1 In iny former map of the Pir Panjal region the limestone series is not represented as 
occurring to the north of Rajaori ; I, however, now find that this is incorrect, as limestone bands 
do occur there^ mingled with the slates at the apparent base of the series* which belong to the 
same zone as the more maasive limestonefi to the east and west. 
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are not of upper Silurian and carboniferous age, as otherwise they ought to 
overlie the trap conformably, but that they may be of lower Silurian, and have 
been brought into their present position by faulting, which would well explain 
the relations of the two. I can, however, at present say nothing certain on this 
somewhat difficult point. 

Proceeding from Srinagar towards the south-eastern extremity of the valley 
of Kashmir, we find that the same trap-like rocks form the spurs bounding the 
Pampiir valley; the upper part of the valley to the north of the latter place is 
occupied by a lenticular mass of carboniferous limestone, with a north-easterly 
dip, and which apparently overlies the traps, though the relation is in places dis- 
turbed by faulting. 

I am not sure as to the nature of the northern boundary of this mass of 
carboniferous limestone, but I fancy that it is a faulted one. Beyond the lime- 
stone we again have trappean rocks, underlaid to the north-east by slates, which 
we shall subsequently trace from the Lidar to the Sind valley. 

It may be well to state here, before going any further, that in the Lidar valley 
the slate series is overlaid conformably by carboniferous rocks, and must conse- 
quently be of silmian age. In the Sind and Nowbug valleys, moreover, the same 
slates will be shown to be the equivalents of those of the Pir Panjal, the latter 
also being consequently of silurian age ; these slates of Kashmir will therefore 
often be referred to as Panjals. 

At the mouth of the Lidar valley the silurian slate series is intemipted along 
the axis of the valley of ItAjahTmV by carboniferous rocks ; to the north of the 
latter rocks, however, the slates are continued ; their eastward extension will be 
discussed in subsequent sections. 

The carboniferous rocks of the south-east of the valley of Kashmir occupy 
an irregular ellipsoidal area in the midst of the silurian slates and trap-Hke 
rocks : to the westward the former rocks are bounded by the alluvium of the 
Lidar valley, where we shall again refer to them in the section from Islamitbad ; 
there is a small outlier of the older rocks at the latter place. The valley of the 
Arput river has cut a wide gap in these rocks, to the eastward qf which they 
recur at Achibal, where, as well as at Islam4b&d, they dip at a low angle to the 
north-east ; another ridge of the same rocks runs near Shiihab^d, and disappears 
to the north-west beneath the alluvium of Kashmir ; the beds on the south- 
western side of this ridge have a north-easterly dip, while those on the opposite 
side dip to the south-west. 

Towards the south-west these carboniferous rocks extend as far as the 
northern flank of the Banihal range, where I have already referred them in my 
" Notes on the Gfedlogy of the Pfr Panjal." At this junction they have a south- 
westerly dip, and are fanlted against rocks of the Panjal series with a north- 
easterly dip. To the eastward the carboniferous ellipse extends a short distance 
beyond the Marbal pass, where it will be again referred to in the section from 
Kishtwar to Kashmir. The north-eastern boundary is very irregular ; in the 
Arpdt valley it occurs between the villages of Watiisu and Kor and then bears 
across to Nowbfig ; here the Panjal rocks cut into the middle of it from the south- 
east ; and the inner boundary is a continuation of the line of the Tansan river from 
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the village of Wyl ; from the latter place the Tansan river fonns the boimd- 
ary between the carboniferous and Panjal rocks, as far as the village of Prfima* 
from whence the boundary again sweeps towards the north-east, and thence 
again southwards to the Marbal pass. 

It will be clearly understood from the above, that the carboniferous rocks 
of the valley of Kashmir, are, except to the westward, bounded by rocks of the 
Panjal series ; and it may be well here to make a few remarks on the carboni- 
ferous series of the valley of Kashmir. 

The ridge to the north of Sh£hab&d, on which stands the station of Hazrat- 
Ziarat, offers a fair section of the carboniferous limestone, which is here selected 
for description ; the rocks composing this low ridge have a north-easterly dip of 
about forty-five degrees ; the lowest beds exposed consist of dark blue limestone 
often containing crinoid stems in considerable abundance; in the higher beds 
this limestone gradually assumes a cherty character, till finally, at the summit 
of the ridge, it passes into a compact and fine-grained sandstone, of a brownish- 
yellow color. To the north-east of this ridge there occurs a synclinal axis running 
through the topmost sandstones ; in this synclinal the sandstone is in places almost 
white, with minute red ferruginous specks. 

Passing further to the north-east, we find, at the foot of the ridge to the 
north-east of the town of S4gam, an anticlinal axis, which brings into view beds 
still lower in this series than any of those shown in the Hazrat-Ziarat ridge. The 
beds at the foot of the first-mentioned ridge have a south-westerly dip, while those 
further on dip towards the north-east. The lowest beds consist of dark-brown 
sandy shales, gradually becoming calcareous, then containing distinct nodules of 
limestone, and finally passing into the characteristic dark blue, carboniferous 
limestone, with crinoids and other fossils. The underlying shales have frequently 
a bacillar structure ; the exposed beds below the limestone have a thickness of 
about sixty feet, but their base is not visible ; these beds are readily distinguish- 
able from those which overlie the limestone, by being more shaly, less compact, 
and of a darker and duller color ; they contain no traces of fossils. The series 
may be tabulated as follows from above downwards : — 

1. Yellowish and whitish sandstones. 

2. Blue limestone. 

3. Shales, with limestone nodules. 

4. Shaly sandstones. 

Whether the whole of the four groups of beds noticed in the above table should 
be referred to the carboniferous series I am unable to say, as no fossils have been 
found here either in the highest or the lowest beds. 

With regard to the highest beds, which are often i^eplaced by banded limestones, 
I can only say that they very probably represent some of the triassic beds which 
overlie the carboniferous limestones in other areas, but that, in the absence of 
fossils, we cannot be sure of this. Some of the underlying shales may very pro- 
bably belong to the upper Panjal or Silurian series. 

It may not^ perhaps, be out of place here to mention the springs of water 
which, at Vemag, Achibai, Bowan, and Islamabad, burst forth from the bases of 
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cliffs of the carboniferous limestone. These springs are of such volume as to 
form small rivers at their origin, and take a considerable part in forming the 
waters of the upper Jhelam. At the two first-mentioned localities the springs rise 
from the base of cliffs situated at right angles to the strike : while at the two 
latter they rise from true escarpments. It seems difficult to account for the well- 
ing up of such great volumes of water, without calling in the aid of faults, although 
the relation of the rocks to neighbouring outcrops does not lend much counten. 
ance to this hypothesis. 

The rocks at the north-western extremity of the valley of Kashmir I have 
at present only partly examined. To the north of Srinagar as far as the Sind 
valley, I have not surveyed the rocks : the rocks of the valley beyond the Sind 
river will be found described in the Ammath and Sind valley section. 

III. — Sbotiok fsom IslamWd to Amrnath, and from Paloam to Sind Valley 

AND Nobth-Wbst Kashmir. 

Passing up the Lidar valley from Islamabad, we have, on the left bank of 
the river, rocks of the carboniferous series, as far up as the village of Hutmorii ; 
at Bowan these rocks consist of dark blue limestone, with a north-easterly dip ; 
above Bowan there are several flexures, and slates and sandstones are mingled 
with the limestones. North of Hutmord we come upon rocks of the Panjal 
or Silurian series, consisting of chloritic slates and sandstones, with a few 
amygdaloids ; their dip is at first north-east. 

These Panjal rocks continue as far as the village of Eishmak&m, where they 
are overlaid conformably by a series of green and white sandstones, blue lime- 
stones, and then by blackish slates and sandstones. The limestones contain 
crinoid stems, and two genera of corals very closely allied to the genera Zaph- 
rentis and Cyatluyphyllwn ; the overlying slates and sandstones are full ct Fenes- 
tella, Prodttdtcs, and Spirifery of carboniferous species. The series at Eishmakam 
may be tabulated as follows, from above downwards : — 

1. Slates and sandstones with Fenestella^ ProdudtiSf and Spirifer^f^ . 

2. Sandstones and dark blue limestones with corals and crinoids?- . 

3. White and blue sandstones ... ... ...J 

4. Blue or green slates and amygdaloids:^ ... ... Silurian. 

This section proves the silurian age of the slate series of this part^ of 
Kashmir, while the next section will show that these slates are the same as 
those of the Pir Panjal. It will be observed that the carboniferous rocks 
of Eishmakam have precisely the same relationship to the Panjal series as 
have the Eliol series of the outer hills to the same rocks; the two overlying series 
are also very similar in mineralogical composition. In my *' Notes on the Geo- 
logy of the Pir Panjal," I suggested that the Kiol group was of upper silurian 

1 It may be well to observe here that in the more eastern Himalayas, there is no distinct 
Devonian period ; and the same rule is held to prevail here. Similarly we may notice the absence 
of any distinct permian period in the more eastern Himalayas, and probably also in the more 
western ; vide infra. 
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age; the present section, however, makes me think that it must be of carboni- 
ferous age. 

The carbonifcrons rocks of Eishmakam continue nearly np to the village of 
Bhatkot, where we come npon a bold escarpment of amjgdaloidal and green- 
stone-like rocks, which seem to be faulted against the carboniferous rocks, cut- 
ting them out to the south-east along the ridge on which stands Liwarpatar 
station. Above the traps we have rocks consisting chiefly of massive blue and 
green sandstones and some amygdaloids ; as these traps are overlaid by slates, and 
are not in close relation to the carboniferous series, they may probably be some- 
what lower in the series than those of the Sind valley ajid Pir Panjal. To the 
west of the Lidar river, the carboniferous rocks seem to be faulted against the 
trap of Chum station. 

The Panjal slates continue nearly as far as the village of Palgam ; near the 
latter place we come upon another outlier of carboniferous limestones and slates, 
overlying the Panjals ; on the Shisha-Nag road to the south-west of Praslung the 
Panjals again come in beneath the carboniferous limestones, which have here 
a northerly strike and westerly dip. The Panjals here consist chiefly of slates and 
blilish-green slaty sandstones, partially metamorphosed. 

The same Panjal rocks continue to Ghandanwari, where they have a north- 
easterly dip, and underlie the white sandstones and dark blue limestones of 
the carboniferous series, which here stretches in a south-easterly direction below 
the Shisha-Nag into the Wardwan valley ; the Panjals in places contain a few 
beds of amygdaloids interstratifled with the slates. 

Taking a direct section from Ghandanwari across the strike to Ammath, 
via the Koun-Nag, we find that the dark blue carboniferous limestones (contain- 
ing corals and crinoids) are interstratifled with thick beds of slate and sandstone, 
and continue nearly up to Aston-Marg; at the latter place bandis of white 
dolomitic limestones become common, and beyond this the series consists of almost 
pure white dolomite with the same north-easterly dip up to the Koun-Nag ; here 
we find the dolomites overlaid by light blue limestones, sandstones, and slates ; 
further in still (to the west of Panjtami station) the strata consist entirely of 
slates and sandstones overlying the limestones ; near this place the strata are greatly 
disturbed by contortions. Further north, however, to the south of Panjtami 
halting-place, we again come upon strata of w^hite dolomite, with a south-westerly 
dip, which immediately underlie the slates and sandstones of Panjtami station 
without any intervening limestones ; these slates will consequently be the highest 
of the series in thijs district. 

Taking the road to Ammath viu Nag, we find that to the north of Panjtami 
the strike of the white dolomites has become due north and their dip due west ; 
about a mile to the cast of Nag, the dolomites are overlaid conformably by 
slates and sandstones, the former with a bacillar structure. These slates and sand- 
stones ai'e continuous with those of Panjtami, and to the west of Ammath cave 
strike into the Zoji-la pass, where they form the "bacillar sandstones" noticed 
by Dr. Stoliczka at page 349 of " ObHervations in Western Tibet." 

The dolomites strike Ihrough the station and sacred cave of Ammath and 
appear again on the Dra« road to the north-cast of the Zoji-la pass, and are 
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here continuous with rhaBto-triassic strata, described by Dr. Stolickza, which 
we shall again refer to. To the east of Ammath we have a descending series 
of limestones and dolomites ; these rocks are more blue in color, to the west^ and 
may probably be in part carboniferous. 

The dolomites and limestones to the south of Panjtami station also bear 
ronnd to the north, and seem to be continnons with the triassic limestones and 
slates described by Dr. Stolickza, on the Kashmir side of the Zoji-la. 

In a section from Shisha-Nag to Panjtami, we have much the same rock- 
series as from Chandanwari, except that immediately below the slates of Panj- 
tami station, the dolomites are mixed with sandstones, slates, and light-blue 
limestones, in place of being nearly homogeneous as at Aston-Marg. 

As to the age of the above strata, we have, seen that the slates and limestones 
of Chandanwari are carboniferous; the strata above this blue limestone do 
not contain recognisable fossils, but belong in all probability to the triassic period. 

The dolomites of Ammath are continuous with the dolomitic limestones north 
of the Zoji-la, which Dr. Stolickza considers as equivalent to the Para limestone. 
The similar dolomites to the south of Panjtami, which we have seen are partly 
replaced to the eastward by limestones and sandstones, will consequently be of 
the same age, and, as I have said before, seem to be continuous with the undoubted 
triassic limestones to the south of the Zoji-la. 

There now only remains the question of the slates and sandstones of Panj- 
tami, and the sandstones of the Zoji-la; the latter were considered by Dr. 
Stolickza to underlie the triassic limestones and consequently to be of carboni- 
ferous age ; it, however, appears that the section was not clear, and we must 
consider it to be a case of inversion, since we have seen that these slates and 
sandstones most distinctly overlie and occur in a trough of the dolomites which 
occur to the south-east of the Zoji-la. As before said, therefore, these slates 
must be the highest beds of the rh»to-triaBsic series. 

The dolomites to the north-east of the Zoji-la, according to Dr. Stoliczka, 
overlie the triassic limestones ; the same limestones must therefore be represented 
to the east of Ammath ; while still further east I think the underlying strata 
must be carboniferous; these lower rocks would sweep round to underlie the 
triassic beds of the Dras river. 

The strata of pure triassic dolomite are easily recognised from great distances 
by weathering into the most fantastically-shaped pinnacle crags ; this is particu- 
larly well shown near Ammath cave. 

Returning now to Palgam, we have to continue our section to the north-west 
into the Sind valley ; immediately to the north-west of Palgam, the limestones 
and slates of the carboniferous series continue as far as the village of Arti, 
where they are faulted against the silurian slates, and where they bend round 
to the eastward to join the Praslung boundary. 

From this point to the Sind valley at K^ilan, we have a succession of chloritic 
sandstones and grey and black slates of the silurian series, intermingled with 
a few bands of amygdaloidal trap, with a north-easterly dip to the north of 
Lidarwat, and a south-westerly dip to the southward of this place. These 
silurian rocks continue as far as the north side of the Eolahoi range, beyond 
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whicli we again come upon the limestonea of the carboniferous and triassio 
series, which, beyond Harbagwan, bend round with a west-north-west strike. 

In the Sind valley to the north of Kulan, the siluriaa rocks gradually 
entirely lose their chloritic and amygdaloidal character, and consist of black and 
greyish slates ; a little to the south of Qaggangan these slates are succeeded by 
massive dark-blue limestones, with blue and white sandstones at the base, which, 
from their position, must undoubtedly belong to the carboniferous series, and 
which are doubtless continuous with the rocks of the same age and character to 
the north of Kolahoi. It is not improbable that some of the slates to the south 
of Gaggangan may also belong to the carboniferous series, though I have placed 
the boundary at the limestones as being the only distinct line. 

These limestone rocks continue as far as the ridge on which stands Shalian 
station, at the base of which we come upon a fault ; the rocks composing the 
latter ridge have a north-easterly dip, and at the base consist of amygdaloidal 
traps, overlaid by chloritic rocks, which are probably of metamorphic origin. 

These rocks are probably of silurian age, and seem to have been thrust up 
in the middle of the carbonifero-triassic rocks (as we shall see immediately) ; 
I cannot, however, be certain as to what position they occupy in the former 
series; we have seen that the top of the silurian series which immediately 
underlies the carboniferous limestone of Gaggangan does not contain any trap, 
and it is therefore hardly likely that these rocks, irrespective of their posi- 
tion, are the same as those slates. I think it more probable that they belong to 
some lower silurian zone, which has been subsequently brought into its present 
position by faulting ; this may, however, be a case of a local trap outflow and 
subsequent metamorphism of the upper slates. 

This band of trap and silurian rooks continues to the south-east, forming 
the high range below Sonamarg ; on the northern side of this range we come 
upon beds of light blue and banded limestones, white dolomites, and slates having 
at Thajwaz a south-westerly dip, and which seem to be faulted against the 
Silurians. To the north of the last-mentioned village these limestone rocks 
have a north-easterly dip, and form a continuous ascending series to the north* 
wards, where they are overlaid by sandstones and slates, similar to those of the 
Zoji-la and Panjtami station ; tracing these latter rocks along the rid^e towards 
the Zoji-la, we find that they are inverted in several places, which accounts for 
Dr. Stoliczka's supposition that they were older than the limestones. 

The Thajwaz banded limestones are very different from the massive dark- 
blue limestone of Gaggangan ; from the fact that Dr. Stoliczka found a triassio 
ammonite almost at the base of the former series, it is clear that at least the 
greater part of the rocks to the north of the silurian band must be of rhseto- 
triassic age, and I have accordingly so colored them in the map. 

To the east of Sonamarg, I have traced these triassio rocks up the Nichinai 
stream into the Kishenganga watershed ; their distribution in the latter district 
must, however, be reserved for a future season's work. 

Returning now to Kiilan, we have to follow the Sind river into the valley 
of Kashmir. Green and grey slates, with some bands of amygdaloids, and of 
the very characteristic conglomerate of the Pir Panjal, continue to the village 
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of Momar ; the occurrenoe of this conglomerate in the slate series of this side 
of Kashmir proves them to be the equivalents of the slates and traps of the Pir 
Panjal. On the right bank of the Sind river these slate rocks seem all to have 
a north-easterlj dip ; on the left bank, however, an anticlinal axis occurs below 
the village of Bewil ; there is probably, therefore, either a break or a concealed 
fold among the rocks of the right bank. 

Some little distance below the last-named village, we come upon an entirely 
different series of rocks ; on the right bank of the river we find at the base of 
the cliffs (the dip being to the north-east) a considerable thickness of coarse 
gneissic rocks followed by unaltered grey sandstones, massive blue limestones, 
and overlaid by slates. The relation of these rocks to the Silurians on the north- 
east is not well seen, but I think a fault divides them. 

To the north-west and north these rocks are apparently faulted against a mass 
of what seems to be trap-like rocks, which we have already discussed. These 
trap-like rocks form a band extending from the east of Safaptir station towards 
HaramiiLk ; similar rocks occur on the left bank of the Sind valley, but the exact 
division between these and the silurian slates is there also in great part con- 
cealed by forest. 

At the northern side of the extremity of the spur, which forms the right bank 
of the Sind valley, we come upon dark blue massive limestones, which overlie the 
trap-like rocks, their strike being north-westerly, and their dip north-easterly. These 
limestones extend a little to the north of Saf apur station ; to the west of this 
ridge we again come upon trap-like rocks, where a peninsula of these rocks extends 
into the middle of the limestone, and the latter has a quaquaversal dip around 

 

the trap. 

To the south of the lake of Manasbal, at Aha-tang station, we have another 
mass of greenstone-like rock showing through the limestones ; these limestones at 
and near Kandabal overlie the compact blue limestone, and consist chiefly of white 
dolomitic beds, which are identical in character with those of Ammath, and 
which, I have not the least doubt^ are likewise of triassic age. The massive 
blue limestone has not yielded characteristic fossils, though it contains crinoida, 
and farachiopods, and has yielded a species of Orihoceras to Mr. Theobald's search ; 
there can, however, be not the slightest doubt from its character and position 
beneath the dolomitic beds, that it must be considered of carboniferous age. 

The position of the presumably trappean rocks beneath the carboniferous 
limestone, shows that if the former be non-intrusive, they must be pre- 
carbonif erous ; while, on the other hand, if they be intrusive, they must be post- 
carboniferous. 

From the form of their occurrence in a dome-shaped mass beneath the lime- 
stones, it might be supposed at first sight that these tr^ rocks were intrusive : 
the absence, however, of all dykes penetrating the limestone seems to forbid this 
view; and we can only conclude, as I have said before, that they are non- 
intrusive rocks, and are the representatives of the more thin-bedded amygdaloidal 
traps of the upper slates of the Pir Panjal. 

We must now revert for a moment to the gneiss, sandstones, and limestones 
which occur between the trap-like rocks of the Sind valley, in order to endeavour 
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to find out their age. I muBt, however, first ohHerve that the carboniferous series 
of Kashmir is liable to great variation in mineralogical composition, even in con- 
tiguous areas. Thus, we have seen that at Islamabad this scries consists almost 
entirely of limestones ; at Eishmakam, limestones are comparatively scarce, and 
sandstones and slates the prevalent rocks ; while again at Palgam and Shisha- 
Nag, limestones predominate. 

Now, it will be observed that these sedimentary rocks of the Lower Sind 
valley, if we except the lower gneiss, are almost identical in composition with the 
carboniferous rocks of Eishmak&m ; and I think it possible that they both belong 
to the same period ; the lower gneiss beds would be the representatives of the 
sandstones of Eishmakam, which have been altered by some subsequent meta- 
morphic action ; which, as we have seen in the case of the trap-like rocks, has 
been strong in this area. 

It is, I think, perfectly clear that these rocks cannot belong to the silurian 
series, in which limestone never occurs, nor do I think from their composition 
that they belong to the older gneiss, though Mr. Drew apparently favors that 
view. 

In conjecturally referring them to the carboniferous period, however, a diffi- 
culty occurs, in that they are so different in mineralogical character to the neigh- 
bouring carboniferous limestones of the valley of Kashmir. The only way out 
of this difficulty, to my mind, is in considering that the carboniferous rocks of 
Kashmir were deposited in basins in a sea broken up by islets -or peninsulas. 
The rocks deposited in deep water might well be chiefly calcareous, while those 
deposited in shallows and along the shores would consist of grits, clays, and a few 
calcareous bands. 

This supposition would explain the difference in the two types of undoubted 
carboniferous rocks of Kashmir ; the one exemplified by those of the upper Lidar 
valley, and Manasbal, and the other by those of Eishmakam. In the former 
series there is an almost unbroken succession of limestones through the carboni- 
ferous and triassic periods, while in the other the upper carboniferous beds are 
all sandy and clayey, and are not overlaid by trias. 

The carboniferous limestones of Eastern Kashmir belong to the former type, 
though we cannot say for certain that they are overlaid by trias ; at the Marbal 
pass, as we shall see, they are replaced by rocks of the second or littoral type. 

The grits, clays, and limestones of the Lower Sind valley, if , as I think possi- 
ble, they are of carboniferous age, must be the littoral deposits of the basin in 
which the massive limestones and dolomites of Manasbal were laid down. I can- 
not) however, be at all certain as to the age of these rocks, and have accordingly 
left them blank on the map. 

Before proceeding to examine the rocks of the region of the Wular lake, it 
may, perhaps, be well to glance for a moment at the description of the rocks of 
the Sind valley given by Dr. Stoliczka at page 349 of his " Observations in 
Western Tibet." In justice to the memory of such an authority, it must, 
however, be observed, that his notices of these rocks were made on the evidence 
of a single hurried section, on his return from an arduous journey in Tibet ; 
while my own observations are the result of a far wider survey. It is not, there^ 
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fore, to be wondered at if some of Dr. Stoliczka's conjectural correlations of 
these rocks require certain modification at our hands. 

In Dr. Stoliczka*s Memoir, the triassic age of the Thajwaz limestones was 
proved by the occnrrenoe of a characteristic ammonite; it appears, however, 
that the Shalian ridge of trap and probably silurian slates was not noticed, but 
that the Thajwaz limestone was supposed to rest directly on the massive limestone 
of Gaggangan ; the slates underlying the latter were supposed to be of car- 
boniferous age — a supposition which is in part quite likely to be correct, though 
the lower slates are silurian. The massive chloritic rocks, supposed to be of 
silurian age, seem to be in part at least the above-mentioned trap rocks, which 
we also have referred to the upper silurian series ; the gneiss and limestones 
below Marmar are not noticed. 

Conmiencing our survey of the rocks around the Wular lake, we find thalt 
trap forms the greater part of the rocks as ixt aa the Budkool river, maaies 
of carboniferous limestone, however, occurring along the borders of the lake, 
notably at Sadykut, Matipur, and on the left bank of the Budkool river. The 
limestones usually have a north-easterly strike. 

To the north of the Wular lake, the trap-like rocks extend to a little beyond 
Kahati station, where they are overlaid by black, green and grey silurian slates, and 
green and bu£E sandstones, with an east-north-east strike, and north-westerly dip ; 
on the supposition that the trap-like rooks are the highest siluiians, this must be a 
case of inversion. 

These slates and sandstones form the mountains surrounding and jutting into 
the Lolab valley ; at Trigumma the green slates with a westerly dip are over- 
laid by massive blue carboniferous limestone, which forms the spur to the north- 
west of the latter place : a synclinal axis runs along this spur, and the limestones 
to the westward are again underlaid by slates: the lower beds of the former 
alternate on this side with beds of green slate. 

The position of the Lolab slates, beneath the carboniferous limestone, shows 
that the former are of silurian age, and correspond with the slates of the Fir 
Panjal. 

To the west of Shalura we have various colored slates, white and green 
quartzitic sandstones, and amygdaloidal traps, all of which, I believe, are inter- 
stratified with the sedimentary rocks, and which must therefore belong to the 
silurian series. The sandstones and slates to the west of the Trigumma lime- 
stone are much more altered than those to the east, owing to the presence of the 
traps in the one area, and their absence in the other. To the south of Shalilira 
the silurian slates can be traced along the northern flank of the Kaj-Nag range 
to Baramtila, from whence we have already traced them along the Pir Panjal. 

This section, therefore, again proves the identity of the slate series of the two 
aides of Kashmir, and also their silurian age. 

IV. — Section from Eashhib to Mabu-Wardwah and thence to Kishtwab. 

Starting from the town of Sigam, we leave the semi-ellipse of the carboni- 
UnK^B limestone at the village of Panzgjim or PaziEg&ma» and again come on the 
slates and amygdaloids of the Panjal series, which we have already traced along 

o 
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the north-eaetem bonndary of the valley of Kashmir. At the village of Soap to 
the east-north-eBst of Sag&m, there are very exteneive iroo works belonging to 
the Maharaja; the iron seems chiefly to occur in the form of carbonate and oxide 
at the base of the carboniferous series ; Dr. Ince in his " Gnide to Kaahmir, " 
when describing these works, mentJooB also the occnrrence of silver and lead at 
the same place, and I have been shown specimens of the ore of the latter metal 
Baid to have been obtained from there. 

The rocks of the Panjal series at Panzgam have a north-easterly dip of abont 
fifty degrees and consist in great part of the amygdaloids, intermingled with 
alates and slightly altered sandstones. 

At the village of Shiitrii we come npon the semi-detached mass of carboniferous 
limestone, previoosly referred to, with a low north-easterly dip, extending as far 
aa the town of Nowbug, and both boundaries of which appear to be faulted. To 
the south of the Nowbug ontlier of carboniferous limestone, an anticlinal axis 
mns through the Panjal rocks, which seems to be continuous with the anticlinal 
which traverses the carboniferous limestone to the north of Sfcgam. The Panjal 
rocks to the south of Nowbiig are chiefly slates. 

Between Nowbiig and the Margan pass the Panjal rocks form in the main a 
regular ascending series, interrapted by several minor flexures ; for some distanot 
above Nowbug these rocks chiefly consist of amygdaloids, mingled with slates, 
whUe nearer the pass, slates and quarixitic sandstones are more prevalent ; the 
elates are sometimes banded, hut are more usually of a uniform olive-green color, 
marked with reddish fermginons spots ; at the top of the pass the rocks arc 
mainly whitish qnartsose sandstones. Tbrongbont the series tbero are occasional 
bands of amygdaloids, while I also noticed numerous fragments of the character- 
istic conglomerate which has been referred to above as occurring on the P(r Panjal ; 
I did not, however, observe this rock in eitu; this was probably owing to the quantity 
of snow which lay on the pass at the time of my crossing. 

A short distance to the north-east of the Margan pass a synclinal axis tra 
verses the rocks, which must be high np in the Panjal series, and from thencii 
we have a regular descending section with a south-westeriy dip to the valley ol 
the Wardwan river, repeating the series of rocks which occur on the sonth-west 
side of the pass. 

The qnartzose sandstones on and near the Margan pass exhibit very beautiful 
examples of " broad ripple j" the large slab of nearly white sandstone, which has 
been placed as a "cairn" on the summit of the pass, is a noteble example of this 
ripple ; other examples of rippled-marked rocks, covering surfaces of many square 
feet, are also exposed on the road between the pass and Inshin, in the slate series ; 
marks which I take to be annelid or moUuscan tracks may also be occasionally 
^pple-marked slabs. 

the white quartzitic sandstones, which occur high up 
e Margan pass, have a striking resemblance to part of 
have considered elsewhere (Rec. Geol. Surv. Ind., 
probably the top of the Panjal series in the outer 
underlies the sandstones in the latter region is not, 
I Margan pass ; it is not impossible that some of thesis 
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sandstones really belong to the carboniferous series like that of Eishmak&m ; in 
the absence of fossils, however, I have thought best to class them as silurian. 

Reverting to our section, we find that at the village of Inshin the Wardwan 
river follows for a short distance on the course of an anticlinal axis in the Panjal 
slates, the rocks on the right bank of the river having a south-westerly dip, 
while those on the left bank have a north-easterly dip. Below Inshin the 
anticlinal axis, with a north-westerly strike, continues for a short distance along 
the course of the river, and then, leaving the river, bends down and gains a nearly 
north-and-south strike. Continuing our course below Inshin along the river, after 
leaving the anticlinal, we pass for a short distance across beds with an easterly 
dip ; further down the river we cross a synclinal axis, the beds to the eastward 
of this axis having a nearly due westerly dip. As we proceed to the eastward 
the rocks, which at first consisted of bluish slates and slaty sandstones, become 
gradually more and more micaceous and metamorphosed, until we come upon 
an anticlinal axis of gneiss, with a north-and-south strike, about seven miles 
above Mard ; the gneiss, with mica-schists and micaceous slates or shales, con- 
tinues in a series of minor syncHnals and anticlinals as far as Marti. 

To the north of Inshin the Panjal series continues as far as the old fort of 
Bassman, where those rocks are again underlaid by gneiss. 

It will be observed from the above that no hard-and-fast boundary can be 
drawn between the Panjal series on the one hand, and the underlying gneiss 
series on the other, — there being a gradual transition between the two. The 
boundary here and elsewhere between the two series is generally drawn nearest 
to the first band of gneiss ; it will be noticed in the sequel that many thick masses 
of slaty rocks occur in various places within the gneissic area ; in some cases it is 
extremely probable that these masses of slate should be referred to the Panjal series, 
they having attained their present position by faulting. In an outline survey, 
however, conducted in the hasty and imperfect manner in which that of this part 
of the Himalayas must of necessity be, it is impossible to map in all these outliers. 

Brotuming for a moment to the ripple-marked rocks of Inshin, we may observe 
that these rocks, which, as we have seen, occur chiefly near the top of the Panjal 
series, must have been deposited in shallow water, and probably in a subsid- 
ing area. 

Again taking up our section at the village of Marti, we find that the gneiss 
continues up the Farriabadi river, with a general northerly strike and westerly 
dip, for some eight or ten miles, beyond which point I was unable to continue 
my survey on account of the vast quantity of snow which then filled the valley . 
in all parts of the valley the pebbles in the stream consisted entirely of gneiss or 
very similar metamorphic rocks, and it seems to be most probable that the same 
gneissic rocks extend to the summits of the barren and almost inacessible range from 
which the stream takes its course. I may, perhaps, here mention that several 
boiling and sulphurous springs occur about ten miles up the Farriabadi river, an4 
also in several other places of this district. 

The gneiss in the Mard district is either fine-grained or porphyritic ; in either 
case indistinguishable in hand specimens from gpranite ; it passes in places into 
n^'ca-schisty micaceous shales, and even into little altered slate, which latter is 
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frequently fotuid intenstratified with it ; in no case, either in this district, or in the 
rest of the country here treated of, were reins of granite f onnd penetrating the 
gneiss. 

Between the villages of Maru and Hanz& the strike of the rocks becomes first 
north-westerly, and lower down again almost due north, following in this respect 
very nearly the course of the Wardwan river ; the rocks on both banks have a 
north-easterly or easterly dip, while an anticlinal axis runs near the summit of the 
ridge on the right bank. The prevailing rock at Maru is gneiss, while at Hanzb 
white and massive quartzite is the most common. 

At the bend of the Wardwan river, near the village of Lopar the strike of 
the metamorphic rocks again becomes north-westerly with a low north-easterly 
dip ; an anticlinal and a synclinal fold are crossed in the southerly-flowing por- 
tion of the Wardwan river below Lopar ; below this synclinal there is a low 
north-easterly dip, which continues as far as the village of Krur ; there is much 
contortion of the rocks at Lopar. Gneiss is the most prevalent rock in the series 
of this district, it is generally very massive and granitoid, and most especially at 
the village of Ek8.1i ; below the latter village the gneiss is underlaid by whitish 
quartzites very like those before mentioned as occurring higher up at the village 
of Hanza. 

At the village of Krur we come upon an abrupt junction, appeirently a faulted 
anticlinsbl axis, with a north-westerly direction ; the rocks on the southern side of 
this faulted anticlinal have a south-westerly dip of about seventy degrees, and 
Consist of black slates with a few f elspathic grains, in striking contrast to the 
gneiss and quartzitic rocks on the north of the same axis ; micaceous or black slaty 
beds continue from this fault to Kishtwar, but no distinct beds of gneiss occur 
in the rocks immediately to the south of this &ult; though another ridge 
occurs near Mogalmaid&n. I have accordingly taken the line of this fault, as the 
boundary between the ciystalloid and the slate series, the latter of which wUl be 
shown subsequently to be the equivalent of the lower part of the Panjal series. 

V. — Sbction fbom Kishtwar to Laht/l. 

We may now proceed to trace the rocks of which we have just been treating 
further up the Chinab valley into British Lahdl : at the town of Kishtwar itself 
the rocks are chiefly micaceous or black slates, without any bands of gneiss; an 
anticlinal axis with a north-^ westerly direction traverses these rocks a little to the 
north of the town. 

In the sharp bend which the Chin&b makes immediately above the town of 
Kishtwar, the river cuts directly across the strike of the strata ; above this bend, 
however, the river flows towards the north-west, and consequently with the 
strike. In proceeding up the river from Kishtwar we first cross the above-men- 
tioned anticlinal, and subsequently a synclinal axis ; the rocks are either mica- 
ceous or black slates with a few sandstones, either grey or whitish in color ; as we 
advance further up the river the rocks become gradually more and more ciys- 
tallised and metamorphosed ; till at the village of Pias ihey are chiefly massive 
quartzites passing locally into gneiss ; the lowest beds exposed in the ravines at 
and near this place are of gneiss. This gneiss corresponds to that of the Ward- 
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wan y&lley; and the boundary between the crystalline and slate series has 
consequently been drawn a little to the south of the last-mentioned village. 

Near the village of Qalha the river cuts obliquely across an anticlinal axis ; 
this axis appears to be the continuation of the faulted anticlinal axis occurring on 
the Wardwan river at Ejrur, to which we have already referred ; it does not, 
however, appear to be faulted here ; the same anticlinal continues its course 
along the foot of the range to the south of the Chinab in an easterly direction, 
as far as the town of Attili, where we shall again have occasion to refer to it. 

Between Pias and Seri or Sereri, the rocks consist of granitoid gneiss, mica- 
schist, and miccuseous slates ; the lower parts of the tilted beds are frequently 
more altered than the upper parts of the same beds ; at Sen itself the rocks are 
almost entirely granitoid gneiss : further up, at Jar, white quartzite is more 
common, and there are various kinds of rocks intermediate in character between 
these two ; a boiling spring occurs a little above the last-mentioned village. 

At the junction of the Bhdtna with the Chinab river we find a great variety 
of metamorphic rocks, among which we may mention gneiss (fine-grained, por- 
phyritic, or gametiferous), mica-schist, micaceous slates, gametiferous shales, 
quartzites, black slate, with crystals of felspar, gradually passing into gneiss, and 
little altered slates and shales. 

The anticlinal axis which we have already referred to as traversing the range 
to the south of the Chinab, crosses the latter river at Atdli, and taking a north- 
easterly direction runs for some distance up the valley of the Bhutna river, where 
it appears gradually to die out. The strike of the rocks on the southern side 
of this anticlinal gradually changes, till at Atdli it becomes north-easterly, the 
dip being to the south-east : higher up the Bhdtna river the strike again bends 
round to regain its normal north-westerly direction, the dip being to the north- 
east. The rocks on the western side of this anticlinal on the Bhdtna maintain 
their north-westerly strike and north-easterly dip, up to the faulted anticlinal. 

In addition to the evidence of faulting afforded by the different strike of the 
rocks on either side of the Bhdtna anticlinal, we have further proof in the dis- 
tinct mineralogical composition of the roqks on the two sides of the river. The 
rocks on the right bank of the Bhdtna at Atdli are black slaiy shales, highly 
impregnated ¥dth sulphur and iron ; higher up the river these rocks are succeeded 
by gametiferous schists and granitoid gneiss : as far up as the village of Machail 
the rocks are chiefly granitoid gneiss, which appeaars to extend up to the Uma- 
si-la. The rocks on the left bank of the river at Atdli consist of micaceous 
schists and shales abounding in garnets, and of thick-bedded granitoid gneiss. 

I myself have not crossed the Umasi-la into Zanskar, but I learn from 
Mr. Drew's notes that the gneiss rocks continue across the pass into Zans- 
kar, w &r as the villa^ of Ayting, where they are overiaid by silnrian slates, as 
has already been determined by Dr. Stolickza. It seems, therefore, probable that 
the whole of the great snowy range separating the Chinab valley from Zanskar 
consists of one great oore of gneiss. 

I also learn from Mr. Drew's notes that a few bands of pure white crystalline 
limestone occur interstratified with the gneiss in certain parts of the valley of ilie 
fihdtna river. 
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Leaving now the Bhiitna river and again continuing our course up the Chinab 
valley, we find, in consequence of the curving of the above-mentioned anticlinal, 
that the latter river above Atiili cuts at first ahnost directly across the strike of 
the strata, through beds of gametiferous mica-schist, shales, and gneiss. At the 
village of Sol, however, the strike has regained its normal north-westerly direction, 
following nearly the course of the river, the dip on either side being to the north- 
east. A little to the westward of the village of Patrali, the strike once more 
becomes almost directly north and south, and consequently nearly at right angles 
to the course of the river ; near this change of strike we cross firstly a synclinal, 
and then a curved anticlinal axis ; the strike above the latter becoming a little to 
the north of west, with a southerly dip on both banks of the river, the same strike 
and dip continues as far as Kilar ; the rocks consist chiefly of mica-schist, mica- 
ceous shale and granitoid gneiss with bands of slate ; at the village of Darwas 
a rock much resembling coarse pegmatite occurs apparently interstratified with 
the gneiss ; below the former there is a thick band of a white f elspathic rock contain- 
ing large trihedral prisms of tourmaline. Immediately to the south of Kilar there 
is a very thick band of granitoid gneiss ; this gneiss is overlaid conformably by a 
newer series of bluish slates and sandstones, which we shall now trace for a 
considerable distance, and which contain no truly metamorphic rocks. These 
newer slaty rocks will henceforth be designated the " Pangi slate-group." 

Following these Pangi slates up the Chinab river, we find that at Sauch the 
slates are thick-bedded with occasional bands of splintery greyish shales; the 
strike at the latter place has changed to the north-west, with a south-westerly dip 
At Saor we cross a synclinal axis in nearly vertical slates, which again cuts the 
river higher up, to the westward of the village of Sheli ; above Saor there are 
a considerable number of bands of blue and fawn-colored sandstones mingled with 
the slates which here are nearly black and thick-bedded, or flaggy. Taking a 
cross section through the same rocks to the south-west of Tindi, we find that 
there is a descending series with a north-easterly dip across the Drati pass, beyond 
which I presume we should again come upon the underlying metamorphic rocks 
Between Tindi and Margraon the Pangi slateS contain large quantities of iron 
ore, partly in the form of the magnetic oxide ; sandstones and occasional bands of 
blue limestone alternate with the slates. Through the thick-bedded black slates 
at and near the village of Salgraon, there are scattered a vast number of imbedded 
blocks of granitoid gneiss, either angular or water- worn, and varying in size from 
less than an inch to upwards of three and a half feet in diameter. These gneiss 
blocks extend through a vertical rock-thickness of at least two thousand feet and 
also occur over a very wide horizontal area^ being found, though in smaller num- 
bers, in the same beds near the village of Saor, some ten miles lower down the 
river; by following the Salgraon beds towards the south-east the same blocks 
might probably be traced a considerable distance in that direction also. 

The occurrence of these blocks of gneiss in the Pangi slates proTes in- 
contestably that some portion at least of the older gneissic rocks must have been 
upheaved and undergoing denudation at the period of deposition of the slates, 
and that consequently such gneiss must have undergone its metamorphism pre- 
viously to the deposition of the slates. 
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With regard to the traxisporting power which brought these gneiss blocks 
into their present position, there can, I think, be but little doubt that it was either 
ice or the roots of trees descending some old riyer. From the vaflt number of 
these blocks, together with the large area oyer which thej extend and the great 
thickness of rock through which they occur, I am strongly inclined to think that 
the former agent must haye been the transporting power, howeyer improbable it 
may appear that ice should once haye floated in a sea so near the tropics. We 
must, howeyer, remember that there is a somewhat parallel case in the ice- worn 
boulders of the Talchir group in India itself. If the supposition as to the origin 
of these boulders, here put forward, be tenable, it is eyident that the old gneissic 
land must haye formed eleyated mountains, and the temperature of the climate 
was Bufi5.ciently low to admit of glaciers descending to the sea-leyel and bearing 
away with them rock-masses. I may add that the nearest gneissic mass to the 
erratic block near Salgraon is about twenty miles distant, and that the outer por- 
tion of this gneiss is conformable with the slate series, and consequently could 
not haye afforded the blocks. 

Continuing our course up the Chin^b, we cross the before-mentioned synclinal 
between Salgraon and Sheli ; the north-westerly flowing reach of the riyer at 
Triloknath runs along an anticlinal axis, and we come across another synclinal 
some seyen miles aboye the latter place. Beyond Triloknath the rocks haye a 
south-westerly dip up to and beyond the yillage of Tandi, where the Chandra and 
Bagha riyers unite ; the rocks haye the same general composition in this area as 
below, though limestone becomes relatiyely more common. 

Following up the Chandra riyer, we find that the rocks on the left bank, and 
further up on the right bank also, haye a north-easterly dip ; these rocks extend 
southwards to the north side of the Botang range where they rest conformably 
on gneiss and other metamorphic rocks ; limestones are here common in the series. 

The superposition of these Pangi slates and limestones on the metamorphic 
rocks of Kulu has been already noticed by the late Dr. Stolickza (^* Greological 
Obseryations in Western Tibet," p. 340), who considered that the former were 
probably of silurian age. 

Betuming now to Tandi, we may trace the same group of slates up the Bagha 
riyer till they again rest on gneiss ; this gneiss, according to Dr. StoHczka, com- 
mences at the yillage of Kangsir or Kangsar on the Bagha,' and extends as 
far as the yillage of Darcha or Daree, beyond which it is oyerlaid by undoubted 
Silurian rocks. This gneiss on the Bhaga riyer Dr. Stolickza considers as being 
equiyalent to his so-call6d *' central gneiss.*' 

We must return again for a moment to Triloknath, and from thence ascend the 
yaUey to the north of that place, thereby obtaining another cross section of the 
strata; a short distance up the yalley the beds with a north-easterly dip cease, and 
we come on beds with a south-westerly dip ; these beds, which consist of slates and 
sandstones, form a regular descending series up to the yillage of Tingrat, becom- 
ing gradually more and more micaceous ; near the latter yillage we come upon 



^ By a miitake at line 7 from the top of page 341 of Dr. Stoliczka's above-quoted paper, 
the word Chandra has been sabstituted for Bagha. 
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bands of gneiss in the slates and further np upon massive granitoid gneiss. The 
boundary between the Pangi slates and the gneiss must here be considered 
somewhat arbitrary : it is drawn near the first gneiss band. 

To the south-eastward of Chirpat in the same valley there occurs a large 
. irregular mass of granitoid gneiss which extends nearly to the missionary station 
of Kailing, on the Bagha river, although it does not anywhere touch that river : 
the exact relations of this maas of gneiss to the Pangi slates is a good deal con- 
cealed by permanent ice and snow ; it appeared, however, to underlie them, and 
may doubtless be considered as an outlier of the same gneiss found in mass to 
the north-eastward. 

From the above description it will be apparent that the Pangi slate group 
forms an irregular ellipsoidal mass resting on a basin of gneiss and other meta- 
morphic rocks. 

We have now traced the same series of gneiss and other metamorphic rocks 
down the Wardwan yalley and along the southern side of the greater part of the 
snowy range which separates the valley of the Chinib from Zanskar, and we have 
already taken several cross sections in yarious parts of this range, by which we 
wero led to conclude that the same gneiss extended to its summit, between Attili 
and Zanskar ; more to the east we find from Dr. Stolicska's notes that on the 
Chandra, the gneissic rocks are not more than a few miles in width and are ovei^- 
laid by presumably silurian slates. 

It now remains to consider for a moment the rocks forming this Zanskar (or, 
as Dr. Stoliczka calls it, Baralatse) range, more to the north»west in the St&rd 
district. Now, at page 347 of " Geological Observations in Western Tibet" 
Dr. Stoliczka observes — 

"The metamorphic rocks of the Baralatse range, south of Suroo (Stird), 
extend to the north of this place with an unchanged mineralogical character up 
to the village Zangra. Here they carry a large proportion of hornblende, and 
overlie a mass of gneiss in a dome-shaped bedding. The gneiss, which is very 
well exposed near the old fort, Carpo-khar, consists of a great quantify of 
white quartz, orthoclase and muscovite; biotite being rather subordinate. On 
the northern side it is overlaid by a similar homblendic schist, which gradually 
changes into talcose and chloritic schists, these being themselves followed towards 
the north by micaceous schists. From Sankoo to Saleskoot tough chloritic and 
quartzitic sandstones prevail, and to the north of the last-named place they are 
in contact with syenitic rocks.*' 

From this it would appear that the Zanskar (Baralatse) range at this point 
consists of a core of gneiss, overlaid by less altered metamorphic rocks, and the 
latter again by the above-mentioned homblendic rocks, which probably sweep 
round to the north of Sdrd, and separate the metamorphic rocks from th« 
possibly eruptive syenitic rocks to the north. 

At page 348 of the same Memoir, Dr. Stoliczka, in speaking of the homblendio 
rocks of Sankoo, considers these rocks to be Silurians ; at page 351 he again 
remarks that ''the gneiss of the proloi^ed chain, south of Padam and Suroo 
(Sfird), is the same as the central gneiss, only devoid of the albite granite veins." 
In the map I have accordingly assumed that the whole of the metamorphic rook 
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occurring below the homblendic silnrians is the equivalent of the central gneiss 
of Darcha at the south-eastern end of the range, and the gneiss of Wardwan ; 
the central axis of the range being pxure gneiss and the outer parts less com- 
pletely metamorphosed, precisely as we have found to be the case in the Chinab 
district; this identification will be again referred to. 

I may also observe that I find from Mr. Drew's notes that the homblendic 
rocks in the neighbourhood of Dras very much resemble some of the Kashmir 
amygdaloids, the probability being that those of Dras swing round between the 
northern extremity of the Surd metamorphic rocks and the carboniferous rocks 
of the Zoji-la, to join the amygdaloidal silurians of Kashmir : it will, however, 
require a tour in that direction to settle this point. To the north of the Dras 
Silurians we gather from Dr. Stoliczka that the syenitic rocks belong to an 
entirely different series from the gneissic rocks of the Zanskar range. 

VI. — Section from Kishtwar to Kashmir. 

Betuming once again to Kishtwar, we have to carry a section from thence 
into Kashmir, across the Marbal pass. This line of country has been already 
traversed by Dr. StoHczka, who at page 350 of his often-quoted paper on Western 
Tibet dismisses the subject with the remarks that ''to the east of the Marbal 
pass only metamorphic rocks have been observed all the way to Chamba ;'' and 
that *' some of these altered rocks are probably altered silurians, but there is 
every reason to expect that still older formations may be found in them." 

The Kishtwar and Kashmir section requires a somewhat fuller examination 
at our hands than the above, as from it alone are we able to connect the slates 
of Kishtwar and Pangi with the slates and amygdaloids of the Panjal series. 

Between E[ishtwar and Mogalmaidan the micaceous sandstones and black and 
greenish slates which we have seen to occur at the former place continue ; the 
anticlinal axis which runs a little to the north of Kishtwar is continued near 
the road, and beyond Mogalmaid^ its strike bends upwards to the north. The 
section at and beyond the latter place is somewhat obscured by forest, but it 
appears probable that the middle of this anticlinal is occupied by a ridge of granit- 
oid gneiss overlaid by slates ; to the south-west of Mogalmaidan, we have an 
ascending series of slates about halfway up to Khashimarg station ; the second 
half of this section being occupied by a descending section of similar rocks, 
which rest on granitoid gneiss at Pipran station ; the latter gneiss seems to be 
continuous with the gneiss which I have described in my paper on the Geology of 
the Pir Panjal as underlying the rocks of the Panjal series at Banihal. In the 
upper half of the slate series between Mogalmaidan and Khashimarg there occur 
numerous beds of the characteristic Pfr Panjal amygdaloids and conglomerate. 

Leaving the gneifj^ beyond Mogalmaidan on the Kashmir road, we pass over 
an ascending series of slates and amygdaloids, with bands of conglomerate for 
a considerable distance; an anticlinal axis passing through these rocks near 
Singpur ; these slates and amygdaloids belong to the typical Panjal series. 

Beyond Singptir we come upon a series of greenish slates and sandstones, 
with a north-easterly dip, in which about six miles to the east of the Marbal paAs^ 
I found a considerable number of specimens of Prodtictiis, Spirifer, and other car- 

H 
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boniferons fossils. These rocks are the oontinnatioii of the carboniferous series 
of Kashmir. They appear to be faulted in between the rocks of the Panjal 
series, from which they are distinguished by the absence of the amygdaloids, so 
characteristic of the latter, by the slates being thin-bedded and banded, in place 
of thick-bedded, by the presence of beds of chert or limestone, and by their cha- 
racteristic fossils, when the latter occur- 

The beds with the north-easterly dip continue along the road till we get near 
to the Marbal pass, where we cross obliquely an anticlinal axis in nearly vertical 
carboniferous rocks ; the same axis continuing into Kashxoir and joining with 
the axis previously noticed as occurring to the south of Nowbug. A small patch 
of carboniferous limestone occurs to the south-east of Ail station ; and a bed of 
the same limestone is interstratified with the slates on the left of the road on the 
eastern side of the Marbal pass. The ridge on which AH station is placed con- 
sists of rocks of the Panjal series, with a north-easterly dip. 

On the Kashmir side of the Marbal pass the carboniferous rocks contain 
more cherty beds, in which fossils are extremely numerous; near Wankringi 
halting-ground there occurs a thick band of conglomerate in the same rocks ; and 
some of the sandstones are ripple-marked. Below the last-named locality the 
Panjal rocks, with the same north-easterly dip, bend down to the southward ; the 
Tansan stream forming the boundary between the two series, as far as the village 
of Wyl, where the carboniferous rocks strike obliquely across the ridge to the 
north-eaat of that place, beyond which we have already described them in the 
sectidn from Kashmir to Wardwan. 

The carboniferous rocks to the south of Wyl have a south-westerly dip ; north 
of that village the dip is to the north-east ; an anticlinal axis continuous with 
that before noticed near Sagam running along the ridge to the north of Wyl. 

The Panjal rocks to the north-east of the Tansan river are composed almost 
exclusively of amygdaloids; the carboniferous rocks below Marbal are almost 
entirely limestones. 

From the above it is evident that we must amend Dr. Stoliczka's statement, 
given at page 350 of his " Observations in Western Tibet," that the carboniferous 
rocks do not extend to the eastward of the Marbal pass (t. e., if the word ^ass is 
used in its normal sense to signify the " crest "). The occurrence of limestone and 
carboniferous fossils six miles to the east is a sufficient proof of this error. 

The slaly and sandy carboniferous rocks of the Marbal pass, abounding in 
fossils, seem to replace the limestones of the valley of Kashmir, and, as we have 
already seen, may probably be considered as the littoral deposits of the basin in 
which the limestones were laid down. 

VII.— Gbneeal conclusions. 
From a perusal of the facts detailed in the foregoing sections, and from the 
Memoirs of Dr. Stoliczka^ Mr. MedHcott, and myself ' on the rocks of different 

'Stolicxks: Mem. Qeol. Snrv. India, YoL V. 
Medlicott: Do. do. do. do., YoL III. 

Do. Rec. da do. do., Yol. IX. 

Do. Oeology of Knmaon and Oarhwal in Memoir on Hill Districts of N.-W. Provinces. 
Lydekker : Rec. Geol. Sorv. India* Yol« IX. 
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districts in the Himalaya, we may draw the following general conclusions as to 
the older PalsBozoic rocks of onr present area, viz, : — 

That the P(r Panjal range consists of a series of silurian slates and 
amygdsJoids resting on a core of gneiss. 

That the same rooks are continued into Kishtwar, where they rest on the 
gneiss of the Zanskar ridge, and that they aJso have the same relations in the 
Wardwan yalley. 

That the same rocks extend to the eastward, where they rest on the gneiss of 
the Dhaoladhar range. 

That the same rocks recur on the northern side of Kashmir, where they are 
overlaid by carboniferous and newer rocks. 

That the gneissoid rocks of Sdri are continued down the Wardwan valley, 
extend to Pangi, and are appa/rently continuous with the '' central" gneiss of the 
Bagha river. 

That the PangL slates have the same relationship to the gneiss of Pangi and 
Kiild as have the sUurian PanjaJs to the gneiss of Wardwan. 

That the slaty rocks on the northern side of the Zanskar range have the 
same relation to the gneiss as have those on the south side, and that consequently 
if the gneiss of the two areas be of the same age, the overlying rocks will also be 
of the same age. 

Our next point is to consider how these various rock-groups are to be con- 
nected together, and also as to what horizon in the geological series they belong. 

Before proceeding further, it will be well to remind the reader that Dr. 
Stoliczka determined two distinct horizons of gneiss in the Himalaya ; one of 
these kinds of gneiss is to be found on the right bank of the Indus in Ladak, 
and since it conformably underlies carboniferous rocks is supposed to represent 
altered silurian strata. The second kind of gneiss was named by Dr. Stoliczka 
"central gneiss," and according to that author' "is overlaid by undoubted 
silurian rocks," though we are not told whether the overlying rocks are con- 
formable or unconformable to the gneiss. This " central gneiss" was at first sup- 
posed to be characterised by being traversed by veins of albite-granite, but as 
might have been supposed, this turned out to be a somewhat local character. It 
is not therefore apparent whether the " central gneiss" was supposed to have been 
gneiss at the time of the deposition of the silurian series or not ; if , as I have 
suggested above, the gneiss blocks which occur in the Pangi slates were derived 
from the neighbourhood, it is evident that they must have been derived from 
gneissic rocks, which existed as such at the commencement of the deposition of 
the Panjals, and which, if the '* central gneiss" really conformably underlies the 
Silurians, must be older than the former. 

Now, we have already seen that Dr. Stoliczka unhesitatingly recognised the 
gneiss of Darcha as being '' central gneiss," and also that he conjectured that the 
gneissic rocks of SMl belonged to the same group, and it is quite clear that the 
latter underlie conformably the slate series, which we presume to be of silurian 
age ; if this identification be valid, the '' central gneiss" must also underlie the 
sUurians conformably. 

' Geological Observations in Western Tibet, p. 841. 
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Again, if this hypothesis be coiTect, the '* central gneiss" will be the equivalent 
of some part of the gneissic series of the northern flanks of the Zanskar range, 
though it is, of course, quite possible that in those places where there is a transi- 
tion from slate to gneiss that gneissose beds in one place may correspond to 
slaty beds in another. 

On the other hand, the '* central gneiss" is supposed to be the oldest known 
rock in the Indian Himalayas, and if we consider that this gneiss is the same aa 
the gneiss which underlies conformably the silurian slate series, we should be 
driven to the conclusion that the gneiss from which the pebbles in the Pangi 
slates are derived was older than the '' central gneiss." 

The latter consideration would lead us to the conclusion that the '* central 
gneiss" must be distinct from the gneiss underlying the Kashmir silurians, and 
that there is a break between the two, the Darcha gneiss really being unconform- 
able to the overlying silurians, and a great portion of the gneiss of the Zanskar 
range being unconformable to the gneiss which underlies and alternates with the 
slate series, and being contemporaneous with the central gneiss. I cannot, however, 
say positively which of these two hypotheses is the correct one ; and accordingly 
all the gneiss in our area has been colored of the same shade. 

It seems evident that the gneiss which underlies the Pfr Panjal slates is 
the same as that which underlies the slates of Eoshtwar and the Wardwan, and 
also that which underlies the Pangi slates on the north of the Botangpass, though 
we cannot say the same with regard to the gneiss of Darcha. 

The gneiss of the Dhaoladhar, if we may judge from its abrupt termination 
to the north-west, may be the equivalent of the " central gneias" of Darcha, 
although in strike it corresponds more nearly with that of the Panjal range. ^ 

If it should turn out that the central gneiss be older than the tn/ra-silurian or 
Cambrian gneiss, it will be necessary that the centre of the mass of rocks forming 
the Zanskar range should be colored of a different tint from the gneiss of the 
rest of the map, with the exception probably of the granitic mass at Kailing and 
that of the Dhaoladhar range. Only an arbitrary boundaiy could, however, in any 
case be attempted. 

It seems, therefore, to be apparent that all the gneiss in the area under dis- 
cussion is older than the great mass of rocks of the silurian period (with the 
possible exception of a small mass in the Lower Sind valley), and that in certain 
instances there is a passage from the conformably overlying slates to the under- 
lying gneiss, in which case ihe gneiss generally may be called Cambrian.' Fur- 
ther, there is evidence of the existence of another kind of gneiss, which existed 
as such at the silurian period ; this gneiss occurs probably in the Zanskar range, 
but whether or no it is the same as the "central gneiss" we are at present 
unable to say. 

With regard to the overlying rocks, we have seen that the Panjal series is 
tTifra-carboniferous, and we may therefore consider them (in the absence of any 

^ Eveiywhere this gneiss is overlaid by a great thickneai of slates, whicli are considered as 
silHrians ; the conformable gneiss being always below this thickness is called for the sake of dis- 
tinction Cambrian, though it may, of course, be occaaioxuJly in part silurian, or, on the other hand, 
part of the slates may sometimes be Cambrian. 



PART 1.] Lydekker : Geology of Kashmir, KuAlwar, and Panpi, 61 

fossil eyidence) as being silunan ; we have traced the same rocks into tlie Ward- 
wan, and also into the Kishtwar country, and it is prohablj the same slate series 
which overlies the gneiss of the Dhaoladhar. 

With regard to the slates and limestones of Pangi, we find that they rest upon 
gneissic rocks in the Kilar district, which gneissic rocks are almost certainly 
the same as those of the Pir Panjal, which, as we have seen, underlie conformably 
the sDurian slate series ; it is therefore probable that the Pangi series is also of 
Silurian age; If, as we have suggested, the Darcha gneiss is older than the Kilar 
gneiss, there will be unconformability in the junction of the slate and gneiss in 
the one area, and conf ormabiliiy in the other, which would also lead to the in- 
ference that the Cambrian gneiss is totally unrepresented at Darcha, unless some 
of the lower slates be its equivalent. 

The Pangi slates were considered by Dr. StoHczka, to be in all probability the 
equivalents of the Silurians of Lahdl which '^ overlie" the *^ central gneiss ;'* the 
Silurians of Lahdl are continuous with those of the Padam valley, which, as far 
as I can gather, overlie Cambrian gneiss on the northern side of the Zanskar 
range, exactly as do the Pangi slates on the southern side. Although the ab- 
sence of fossils from the latter group, as far as we know at present, may be consi- 
dered by some as leaving the question open to doubt, the probability as to their 
Silurian age is to my mind very strong indeed. 

We have seen that the valley of Kashmir is bounded generally by interstrati- 
fied trap and silurian slates, interrupted along the axis and to the north-west by 
carboniferous limestone, and more massive trappoid rocks ; at the north-western 
end of the valley we have seen conclusively that the carboniferous rocks occupy a 
ByncHnal in the silurians and it is probable that they have the same relations at 
the Marbal pass to the south-east. This would lead us to infer that the axis of 
the valley of Kashmir lies along a synclinal; the normal relations of the 
rocks having, however, in several places, been much disturbed. 

If we admit the foregoing references, the following table will approximately 
represent the chronological succession of the palsdozoic strata in the area under 
consideration, as fsar as we are at present able to classify them : — 

Slates of Marbal pass ... ... ... ...^ 

Limestones of Islamilbdd nnd Manasbal; slates and limestones of >Carbooifcroii8. 
Eishmakilm and Lidar valley ... ... . . . ) 

Slates of Lahul 

Slates and limestones of Pangi ... 

Slates of Kishtwar ... ... ... ... ^ Silurian. 

Slates and trappoid rocks of Pfr Panjal 
Trappoid rocks of Kashmir 

* 

Gneiss of P(r Panjal ... ... ... ...n 

Upper gneiss of Wardwan and Zanskar range ... ... > Cambrian. 



Kfilti gneiss ••• ... tM 






Central gneiss of Darcba ... ... ... ... \ Jfi/ra-silarian, but 

Lower g^netss of Wardwan and Zanskar range .^ ... > exact age not 

Dliaoladbar gneiss ... ... ... ...# .../ determined. 
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I intLst now Bay a few words as to certain relationships of some Himalayaii 
rock-groups, which were suggested by Dr. Stolicska, at page 141 of his '* Memoir 
on the Bocks of the North- Western Himalaya." 

It is there stated that the tn/ro-Blini sandstones and Simla slates probably 
correspond with part of the Bhabeh group ; if we refer to page 841 of the " Ob- 
servations in Western Tibet" we find that the Lahiil silurians are also supposed 
to correspond with the Bhabeh group. The group of silurians in the above table 
may therefore also be probably referred to the Bhabeh group, with which they 
agree in oyerlying gneiss. 

Referring again to page 141 of the " North- Western Himalaya," we find that 
the Blini group is conjecturally correlated with the Muth group ; the one overlying* 
the tT^ro-Blini (Simla slates) and the other the Bhabeh group. 

In the same memoir (page 141) apart at least of the m/ra- Elrol group is conjec- 
tured to be the representative of the Kuling or carboniferous series, while the 
overlying EIrol limestone is likewise conjecturally correlated with the Lilang or 
triassic series. 

With the two latter correlations I may say at once that I cannot agree, and for 
the following reasons : firstly, I have already stated at page 161 of my *' Memoir 
on the Geology of the Pfr Panjal," my opinion that on account of their com- 
position, position and relation to the older rocks, the Krol and Kiol groups are 
probably equivalent ; secondly, the Kiol group occurs at the top of the silurian 
rocks (the series being inverted) precisely in the same manner as do the carboni- 
ferous rocks to the north of Elashmir ; thirdly, the Kiol group agrees precisely 
in composition with the carboniferous rocks of the north of Kashmir : both groups 
consisting of massive blue limestone, polychroic slates and sandstones ; fourthly, 
the rocks of the Kiol group are quite unlike the light-blue banded limestones* 
dolomites, and slates of the north of Kashmir; fifthly, no limestone occurs 
in the silurian rocks of Elashmir ; there is, therefore, a fair presumption that the 
Kiol group does not belong to that period, while if we refer it to the triassic 
period, we have no rocks to represent the carboniferous period. 

It is, I think, therefore extremely probable that the Kiol group may be of 
carboniferous age. This being so, and assuming the identity of the Krol with the 
Kiol group, the former also (and probably the in/ra-Krol group) will be of 
carboniferous age. 

It may be well here to mention that in my above-quoted paper I considered 
the Kiol group as being probably partly of upper silurian and partly of carboni- 
ferous age ; I was led to this inference from the fact, that in many parts of the 
valley of Kashmir itself the junction between the silurian rocks of the Pir Panjal 
and the carboniferous series is often a faulted one, and I was led from this to think 
that there was a break between the two which was filled by the lower Kiol beds ; 
other sections, however, to the north of Kashmir, have shown the carboniferous 
limestones and slates resting conformably on the sDurian Panjals, and have shown, 
as I have said, that the Kashmir silurians contain absolutely no limestone.' 

^ At page 161 of my above-quoted paper, the Kiol series is compared to the Enliog 
series, as regards mtneralogical composition ; the latter group is there by an accident stated to be 
of triassic in place of carboniferous age ; the similarity in composition of the two series adds 
some confirmation to the probability of the carboniferous age of tlie former ; in line 14 of page 
162 of the same memoir the word Lilang should be substituted for Kuling, 
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The assumption of the carboniferous age cxf the Kiol group leads to another 
modification of the views expressed in my previons memoir. It was there 
suggested that the great limestone inliers of the Jam6 hills were the equivalent 
of the carboniferous limestone of Kashmir, and were consequently distinct from 
the Eliol and Krol groups. 

I now, however, think it probable that the three groups belong to the same 
period ; the greater prevalence of pure massive limestone in the Jamd hills 
than along the foot of the Pir Panjal is not greater than in the carboniferous rooks 
of the valley of Kashmir, over those of Eishmakam ; while in one portion of 
the Kiol series, to the north of Piinch, the strata are almost entirely limestone. 

The above propositions being accepted, it will be evident that the Blini series 
is represented in the upper part of the Panjal seiies, below the Kiol group. 

According to the above views, the following table will represent the equi- 
Talent rock-groups in the Simla and Kashmir Himalaya. I wish it» however, 
to be most distinctly understood that, although the relationships inter se of the 
viUTious rock-groups in the two areas are, with a few exceptions, pretty accurately 
determined, yet that the correlations of those of one area with those o£ the other 
can only be viewed in the light of a probable hypothesis, and not as a fixed &ct. 

Approoeimate clasaificaiion of roek-ffroupt in the Western Himalayas, 
Kashxib Tbbbitobisb AST) Labul. East ov Eabhmib. Aob. 

( Sandstones and slates of Zoji-la and' 
( Panjtarni. 

/'Upper limestones and dolomites of ^Lilang series. ^ Rhetic and trias. 

< Amrnath, Sanamarg, Manasbal and 



V Dras 



nver. 



Limestones of West Kashmir. v 

Bine limestones of Manasbal. J Knling series. 

Limestones «ind slates of Marbalf . 

pass. Lidar and Upper Sind valleys. \ \ Carboniferous. 

Eiol series ( ?). I Krol limestone (?). 

Great limestone of Jamii hills (?). J ta/Vo-Erol group (?). 



Upper Panjal slates, shales and trap-^ Math series. 

'Upper Silurian. 



pper iranjai siates, soaies ana irap-N uatn series. x 

poid rocks. C L 

Trappoid rocks of Wolar lake. 3 Blini series. ) 

Lower Panjal slates; lower slates^ N 

and trappoid roeks of Kashmir. / Bhabeh series. / Lower silurinn and Cam. 
Slates and limestones of Pangirtj»^ra-Blini,orSimU slates T brian f?) 

Lah61sUtes. J J 

Gndss of Viv Panjal. "N \ 

Upper gneiss of Wardwan and( i 

Zanskar range. f ? > Cambrian. 

Kdlfi gneiss. J P ) 

Central gneiss of Darcha. \ 

Lower gneiss of Wardwan and/_ . ._ f /i*^fl-mlnri«fi Knf — — * 
7«niilr«r r«n.,o > Oneiss of Chor mountain J ^'vra-sianmii, but exact 

Xanskar range. f | age not determined. 

Dliuoladhar gneiss. j 



1 

I 
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It will be seen that in this rough and approximate table a gap occnrs in the 
second column between the lower slates and the '' central gneiss," which cannot 
be filled up nntil the relations of the two in the matter of conformity or nncon- 
f ormiiy are settled ; if they are nnconf ormable, and the " central gneiss " is 
older than the Pir Panjal gneiss, it may then not be improbable that some part 
of the Simla slates may be the equivalent of the Pir Panjal gneiss. 

Since the above was written I have seen the able paper of Colonel McMahon 
on the Simla Himalayas.^ The author is there of opinion that' the Simla slates 
and other non-crystalline series are certainly newer than the crystalline series ; he 
also thinks that the hypothesis of inversion will not explain the case, but that 
there was an original unconformity between the two series; the slates having 
been deposited on a denuded surface of gneiss. In the Pir Panjal and in Pangi, 
I think the latter explanation cannot be adopted, as there is a passage between 
the crystalline and non-crystalline series. If original unconformity exists in 
the Simla region, it would tend to confirm my suggestion that there exists gneiss 
belonging to two periods in these regions ; the Simla or ^' central" gneiss being 
older and unconformable to the slakes, while the gneiss of the Pir Panjal is con- 
formable to the slates, and has been metamorphosed out of their lower beds, and 
may consequently be in part the equivalent of the lower Simla slates. 

It will require another season's work to trace the relations of the triassio 
rocks of the Zoji-la to the gneiss Of Siini and the Zanskar range, and also, as 
I have previously said, to trace the former rocks in the opposite direction into the 
Tilail or Kishenganga vaUey. 



Notices of Siwalik Mammals, bt R. Lydbkker, B.A., Geological Survey of hvdia. 

The Indian Museum has again been enriched by a large collection of verte- 
brate fossil remains obtained from the Siwalik series of Sind and the Punjab, 
by Mesisrs. Blanford, Fedden, and Theobald, and their native assistants. Many 
of these fossils are, of course, merely duplicates of previously acquired specimens, 
while others belong either to new genera or species, or illustrate more fully other 
species whose existence has hitherto been only slightly indicated to us by the 
evidence of a few fragments of bone, or isolated teeth. 

In the present paper I shall shortly notice a considerable number of the more 
interesting of these specimens, reserving for a futare opportunity the figuring, 
and more detEdled description, of the specimens, in the hope that I may then have 
still more materials to work upon. 

Before proceeding further, it may be well to notice certain conclusions which I 
have lately arrived at respecting the distribution in time of some of the fossils. 

It may, I think, be now stated with considerable probability, that, as I have 
hinted before, the mammaliferous beds of Sind belong to a somewhat lower 
horizon than that which yields the majority of the fossils in other areas. These 
mammaliferous Sind beds (Manchhar) overlie the Gaj beds, which seem to be 
opper miooene, and cannot therefore be much older than the lower pliocene, or 

> Roc. Gool. Surv. Ind., Vol. X, p. 204. 
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the very highest of the miocene. Their mammalian fauna is nearest to that of 
the miocene of Europe, and does not contain, as far as we know, any of the 
modem forms which occur in the Siwaliks of the Punjab, which may probably 
be considered to be higher up in the older pliocene. The occurrence of a large 
number of mammalian genera which are confined to the miocene in Europe, 
in the phocene of India, is paralleled by what occurs according to Professor 
Marsh in North America, where European miocene mammals occur in the older 
pliocene.* 

The mammalian tertiary fauna of Sind is characterized most especially by 
the presence of great numbers of both bunodont and selenodont pig-like animals, 
the majority of which are, however, unfortunately only known to us (with the 
exception of those genera which also occur in Europe) by isolated teeth. 

These same Siwalik or Manchhar beds also contain the remains of Dinotherium 
in considerable abundance ; in India this genus is elsewhere known only from 
Kach, Kushalghar, and Perim Island, from beds which are probably low in the 
Siwalik series. In the Sind area Mastodon and Hippotfierium are common, and 
two teeth of the miocene genus Amphicyon have also been found there. 

Of the modem and existing genera EtLelephtis, Eqmis, Bos, Buhalns, Capra, 
and Hippopotamus, which are so characteristic of the typical upper Siwaliks, I am 
not aware that any remains have been obtained from the Manchhar beds. The 
only two living genera of Mammals of which we have clear evidence as occurring 
in these beds are Bhinoceros and Stts, both of which have existed since the miocene 
epoch. 

Prom the still older marine Gaj beds, Mr. Fedden has this year obtained a 
part of a skull and three upper molars of Bhinoceros sivaleiisis ; the specimen 
was obtained at a considerable distance below the Manchhar horizon, but its 
precise position, Mr. Fedden tells me, could not be defined, owing to the irregu- 
larity of the thickness of the beds in different localities and the absence of 
tkQ Manchhars at this spot. This Bhinoceros is thus proved to have been one of 
the earliest of the Siwalik Mammals, having lived in the Gaj period. 

In the Siwaliks of the Punjab Mr. Theobald seems to have proved pretty 
clearly from the sections sent down with the fossils, that in this region the 
greater number of extinct genera do occur in the lower beds of the series, while 
the greater number of living genera occur higher up ; this idea cannot, however, 
be thoroughly worked out, owing to the fact that the fossils occurring in one bed 
are washed out and mingled with those from another. I imagine that this 
confusion is especially the case with the very few fossils which occur below 
the great fossiliferous zone, as they are generally picked up by native collectors and 
mixed with those from other zones. The lower beds, like those of Nurpur and 
Kushalghar from which Amphicyon and Binotheritim have been obtained, are' 
very probably the equivalents of the Manchhars. 

Hitherto all, or nearly all, the Siwalik fossils seem to have been found as 
isolated bones ; during the past season, however, Mr. Theobald has discovered a 
bed at Niki in the Punjab, where a vast number of associated bones of many 



^ Address to American Science Institution, Now-IIuvcn, 1877, p. 24. 
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species are found mixed pelUmell togetlier ; and which probably indicates an old 
quicksand in which the Siwalik animals were engulphed. 

From this deposit I hope that many valuable specimens will yet be 
obtained, which will throw more light on the affinity of some of the less 
known Siwalik animals than can be obtained from the study of a few isolated 
bones or teeth. The bed has already yielded many specimens, among which I 
may notice the complete cranium of a gigantic pig, part of the cranium with 
milk dentition of the new trilophodont Mastodon and several associated sets 
of foot bones. Among the latter is a nearly perfect foot of Hippotherium, which 
shews us that the Asiatic species of the genus had precisely the same conforma- 
tion as the European forms. 

I will now mention the most important and interesting of the specimens 
obtained during the past year ; in the course of these notices I shaU have to 
mention several re-determinations of previously noticed specimens ; these re-deter- 
minations have either become necessary owing to the discovery of more perfect 
specimens or owing to the errors of previous determinations. 

These re-determinations, though of course to be regretted, are almost unavoid- 
able in determining such isolated specimens as are the majority of the fossils from 
the Siwaliks, and are also made more frequent in the present instance, owing to the 
extremely unsatisfactory state of the previous literature referring to Siwalik 
Mammalia. 

I may also here mention that Mr. Theobald has collected several bones of 
Siwalik Birds, and a considerable number of the remains of Reptiles; these, 
hpwever, will not be further noticed at present, as I have not yet had an oppor- 
tunity of studying these in any detail. 

PRIMATES. 

Genus: Macacus. 

Remains of quadrumanous Mammals have been long known from the Siwaliks, 
and indeed the specimens obtained from those rocks were the first known fossils 
belonging to the order. These remains, however, are of extremely rare occur- 
rence, the known specimens only numbering some five or six ; up to the present 
time, no specimens of the remains of this order have been obtained among the 
many hundreds of specimens which Mr. Theobald has forwarded from the Siwaliks 
of the Punjab to the Indian Museum. In December last, however, two 
specimens of the upper jaw of a small monkey were received at the Indian 
Museum from Mr. Theobald, which had been obtained from the Siwaliks of the 
village of Asnot, in the Punjab, and which form the subject of the present notice. 

Before describing the new specimens, it may be well to consider for a moment 
the remains of Monkeys which have been previously obtained from the Siwaliks ; 
the memoirs on the specimens will be found collected in the first volume of tho 
*' PalaBontological Memoirs," accompanied by a plate. • 

The first specimen discovered was a part of the right maxilla with the molar 
series. In speaking of the specimen the discoverers (Messrs. Baker and Durand) 
conclude by observing : " This circumstance and the differences before pointed out, 
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clearly separate the fossil from the species belonging to the genei'a Cynocephalus or 
SemnopUkecus.'' — (" PalaBontological Memoirs," Vol. I, p. 299.) The authors seem 
here clearly to have considered that the species conld not belong to Semnoptthecus^ 
and not to have assigned it to any genus. The next notice of the specimen occurs 
at page 7 of Professor Owen's " British Fossil Mammals and Birds," where the 
following passage occurs : ''AH these remains were entirely fossilised, and they 
satisfactorily confirmed the conclusions of Lieutenants Baker and Durand, that a 
large species of Semnopitheciis had co-existed with the Sivatherium and the Hippopo- 
tamus,^^ Now, as we have seen, the authors in question, if I understand them 
aright, expressly stated the distinctness, in their opinion, of the species from 
Setnnopithecus, 

Apparently from this statement of Prof. Owen, H. von Meyer in the '' Index 
Palffiontologicus" (Nomenclature, Vol. II, p. 1133) refers to this specimen un- 
hesitatingly under the genus Senmopithectis, and there gives it the name of 
S. svhhvmalayanus. 

In his " Osteographie" (Primates, p. 60) M. de Blainville refers to the speci- 
men, and thinks (if indeed it belong to a Monkey at all) that it is more nearly 
allied to Mcuxuyus^ and, above all, to Cynocephaltu, from both of which genera the 
original describers thought that it was generically distinct, although they observe 
that " were it not for the size of the canine and the fifth molar, it presents some 
resemblance to the genus Mococti^." 

From the above it seems to be clear that the specimen in question has no 
right to the generic title of SemnopUh&yiis, though I do not mean to say that it 
may not belong to it. When the specimen is alluded to under that name, it must 
be distinctly understood that this is only done as a matter of convenience, and 
because it has so frequently been referred to under that name. 

The next specimen was an astragalus discovered and described by Messrs. 
Falconer and Gautley, who remark (" Paleeontological Memoirs," Vol. I, p. 300) : 
" It (the specimen) corresponds exactly in size with the astragalus of the Semnopi- 
thecus entellus;^^ and again: ''This astragalus, in conjunction with Messrs. Baker 
and Durand's specimen, satisfied us of the existence of at least two distinct fossil 
Qtuidrumana in the Siwalik hills." 

In the same Memoir these authors also treat of two other specimens which 
were both fragments of lower jaws containing teeth ; one of these jaws was 
larger than that of 8* entellus, and belonged, according to Falconer, to 
" a species of smaller size than the animal to which the specimen described by 
Messrs. Baker and Durand " belonged ; there is no direct statement of the genus of 
the specimen, though I infer that the authors inclined to think it belonged to 
SenmopitJiecw. It appears to me to be not improbable that this specimen and the 
above-mentioned Astragalus may have belonged to the same species. 

The other specimen pf a lower jaw belonged to an animal intermediate in 
size between BenMopUhecuB aUMiu and Macacua rhesui ; this speciiBen the authors 
thought probably belonged to the genus Maoacfiu (Pithe&iui) ; an additional 
specimen of the lower jaw of the same species was also obtained. 

There are therefore three Siwalik species of Monkeys known from the evidence 
of molar teeth, viz.y a large species specifically named suhhimulayantiSy and which 
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is often noticed a^ a Seimwpiihecas, an intermediate species probably belonging 
to that genus ; and a small species probably belonging to Macacns, There seems 
also to be evidence of another species known from a single upper canine, but this 
does not concern us at present. 

We may now return to Mr. Theobald's specimens ; the first of these consists 
of a portion of the right maxilla, containing the three true molars and the 
alveoli of the two premolars; the two first molars are slightly touched by 
wear, while the last (" wisdom tooth ") is still in germ, being very late in its time 
of protrusion. The crowns of the teeth are oblong in shape, and bear on their 
masticating surfaces four cones placed at the angles of this surface ; at either end 
there is a slight transverse talon-ridge. The first molar is smaller than the 
necond, and the third nearly equals the first, and is somewhat narrowed 
jwsteriorly. 

The second specimen is an almost similar portion of the left maxilla of a 
somewhat older, though similarly sized, animal ; it shews the anterior root of the 
zygomatic arch, the last true molar, and the alveoli and fangs of the last pre- 
molar and two first molars ; each of these teeth was inserted by three fangs. 
The last tooth of this specimen is exactly like the same tooth of the previous 
specimen, and shews that both specimens belonged to the same species. The 
anterior root of the zygoma is placed immediately above the interval between the 
alveoli of the first and second molars. In the following table the dimensions of 
the first of Mr. Theobald's specimens are given in the first column (a), the 
corresponding dimensions of Macacus (Innnus) rhesus in the second column (h)^ 
and those of Semnointhecus entellus in the third column (c) : — 



Length of three molars 
„ first molar 
Width of „ 
Length of second „ 
Width of 
Length of third 
Width of 



»» 



»t 



tf 



it 



a. 


b. 


c. 


075 


0&6 


10 


026 


0*29 


0-32 


0-22 


028 


0-30 


0-29 


0-31 


035 


0-28 


0-30 


0-36 


0-26 


0-29 


0-35 


0-23 


0-28 


0-35 



We have now to consider the question of the genus of the fossil specimens, 
which we shall find a by no means easy problem, as the teeth of allied genera of 
Monkeys are so excessively alike one another. Firstly, we may say that, from 
their squared crowns, the teeth in question do not belong to the genus Hylohates^ 
in which the molars have rounded angles ; secondly, that they do not belong to 
Cynocephaliis, on account of their small size, and from the last molar being nar- 
rowed posteriorly, whereas it is of equal width throughout in the latter genus ; 
thirdly, that they do not belong to the genus MesopitheciM ^ from the upper 
miocene of Attica, since the penultimate upper molar of that genus has an ac- 
cessory tubercle on its external surface, which is wanting in Mr. Theobald's speci- 
mens ; And, fourthly, that they resemble the teeth of Cercopitfiecus, Semiwpitliec^iSy 
and Macacus (including sub-genera) so closely that they must belong to one of 
these three genera. 



Qaiidrj: ** Auimaux Fossiles de rAttique," pi. I, figs. 6, 7. 
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The next question, therefore, is to find some character which distinguishes the 
molars of the three last-named genera. Now, if we turn to page 442 of Owen's 
" Odontography," we shall find that in treating of the molars of the mandrils, the 
author observes that the true molars " progressively increase in size from the first 
to the third ;" and on the next page, that " the smaller Baboons, of the genus 
Macdcus, repeat on a smaller scale the dental characters of the mandrils.*' Now, 
with all due deference to the author of the valuable work under notice, it does not 
appear to me that the characters given above are always characteristic of the genus 
Macacu^, because if we refer to the table of measurements given above (and 
several specimens have been compared), we shall find that in M. rhesus the first 
molar is smaller than the second, which agrees with Professor Owen's state- 
ment, but that the third is smaller than the second, which does not. 

In treating of SemnopUhecus, Professor Owen remarks on page 443 that 
" the first molar is equal to the second." Now, in the table given above, it will be 
seen that in S. entellus the first molar is smaller than the second ; and in the 
figured specimen of the dentition of this genus given in figure 6, plate 116, of the 
" Odontography, " the first molar is also somewhat smaller than the second. 

These characters do not, therefore, seem to be of any great valu« as affording 
means of distinguishing between the genera in question. 

It does, however, appear that in SemnopUhecus there is a tendency for the 
molars to be of more equal size than in Macacus, in which the first is always 
small and the second large ; thus in S. phayrei and 8. siamensis the first and 
second molars are of equal length ; while in 8. entellus and 8. cephalopterus the 
second and third are of equal length, and the first slightly smaller. I have seen 
no instance in the genus Seinnopithecus in which in the same jaw the first molar 
is smaller than the second, and the second larger than the third. 

In the genus Cercopithecus there appears to be great equality in the size of the 
upper molars ; thus in G. sahcsus the three are of equal length ; in 0. pluto the 
two first are equal, and the third slightly smaller ; and indeed in all the specimens 
that I have seen the two first are of equal length. 

It is therefore apparent that the fossil specimens cannot belong to Cercopithe- 
cus ; and it is also apparent that in the relative length of the molars they 
do not agree with any species of 8emnopithecus, but that they do agree with 
Macacus rhestis ; the evidence then so far is, that the fossils belong to the latter 
genus. 

Now, with regard to the form of the teeth : in 8emnopUhecus and Macacu8y 
the two first upper molars appear to me to be absolutely indistinguishable in the 
two genera : the last molar of MacacuSy however, has the posterior talon-ridge 
forming a complete semicircle, which connects the two posterior cones of this 
tooth ; in the corresponding tooth of 8emnopitheous, on the other hand, this talon- 
ridge starts from the postero-intemal cone, and curves upwards and outwards, to 
the base of the out^r side of the crown, its curve forming only a quarter in place 
of half a circle, and not being connected with the outer cone at all. The 
last molars of the fossil specimens agree with the last molar of Macacus in this 
respect, and there seems, therefore, to be no doubt from this and the previous evi- 
dence that the specimens really belong to that genus. 
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Next, with regard to the question of RpecieB : the teeth ai'e smaller than those 
of if. silenust M. rhesus, and M. radiatus, and judging from the relative size of 
M, radiatus and Af. pelops, the teeth of the latter would also be larger than those 
of the present specimens ; again, in M, rhesus and in all other living species of the 
genus which I have seen, the anterior root of the zjgoma is placed always behind 
the inter\ ul between the first and second molars, whereas in the fossil specimens, 
this root s exactly over this interval. 

I have not oeen able to compare the fossil specimens with the teeth of other 
living species of Macacus ; but as the former differ from the Indian species of 
the genus, and as all known Siwalik species of Mammals are extinct, the presump- 
tion is that the present specimens also belong to an extinct species. 

Turning now to the fossil species of MacacuSj we find that the following have 
been described ; the small lower jaws described by Falconer from the Siwaliks 
and referred to above ; a lower jaw from the London clay described by Professor 
Owen under the name of Macacus eocenus ; ^ a portion of an upper jaw from 
the newer pliocene of Grays described by Professor Owen as M, pliocenus ; * 
and a lower jaw from the pliocene of Montpellier described by Professor Oervais 
under the name of If. priscus,^ 

The small lower jaws from the Siwaliks described by Falconer belonged to an 
animal larger than M. rhesus, while Mr. Theobald's specimens belonged to an 
animal smaller than M. rhesus ; now, since Falconer obtained two specimens of 
the lower jaw which agreed exactly in size, and since Mr. Theobald has also 
obtained two specimens of the smaller upper jaw, which also agree exactly in size, 
it seems to be probable that the latter belong to a different species from the for- 
mer. The jaw on which McuMctis eocenus of Owen was founded has been sub- 
sequently referred to Hyracotherium,^ 

Both M, pliocenus and Jf. priscus are too large to have belonged to so small an 
animal as that to which Mr. Theobald's specimens belonged. 

It is therefore clear that the latter teeth do not belong to any named fossil 
species, and there is every probability that they do not belong to any living 
species : this being so, I shall propose to call the species M. sivalensis. 

PROBOSCIDIA. 

G^nus: Mastodon. 

I have already said in the Introduction that an adolescent cranium of the new 
Siwalik Trilophodont Mastodon ^ has been found in the Potwar ; this cranium 
contains the two last upper milk-molars and the first true molar ; a detached second 
upper true molar of the same species has also been obtained from the Siwaliks ; 
and several detached teeth from Sind. These specimens appear to prove the 
specific distinctness of Mastodon falconeri. 



1 Brit FoM. Maxn. and Birds, p. 1. ' Zoologie et Pal^ntologie Fran^aiwa, p. 11. 

« Sup, eit. Int., p. xlvi. * Nicholson's Palaeontology, p. 466. 

* Rec. Oeol. Surv. India, Vol. X, p. 83. 
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Mastodon pertmensis, Falc. 

This species of Indian Mastodon has hitherto only been known from the mam- 
maliferons beds of Perim Island in the Gnlf of Cambay.' Among the specimens 
of Mastodon teeth in Mr. Theobald's Siwalik collection from the Pnnj&b there is 
one complete lower jaw, and several detached molars which must be referred to this 
species and which prove its range into that region. The molars of M, perimensis 
are at once distinguished from those of M, latidens by the transverse valleys being 
greatly blocked by tubercles, by the ridges being higher, and by there being a 
slight alternation in the arrangement of the inner and outer columns of the latter. 
The same teeth are distinguished from those of M. sivaJensis by the number of 
ridges being less, and by the ridges being less alternately disposed, and the 
valleys being in consequence more nearly transverse. Among Mr. Theobald's 
specimens are a first and a second upper true molar which are more complete than 
any specimens represented in the " Fauna Antiqua Sivalensis ;" of one of these 
specimens I shall hope to give a figure on a future occasion. 

Some fragmentary Mastodon molars from Sind collected by Mr. Blanford, 
belong, I think, to this species. 

The lower jaw belonged to a completely adult animal, and contains the two 
ultimate molars ; the first of these teeth is imperfect ; the second is, however, com- 
plete, and contains five transverse ridges and a talon, according to the normal 

tetralophodont formxda. 

This jaw agrees with the lower jaws of other Mastodons and differs from those 
of elephants, in that the summit of the coronoid process extends upwards as high 
as the condyle ; the coronoid and condyle are, however, more closely approximated 
than in other species of the genus. The inferior and posterior borders of the 
jaw are nearly at right angles to each other, the angle being rounded off. 

The symphysis of the mandible is produced into an elongated spout, extend- 
ing more than a foot in advance of the first molar; the symphysis is three 
inches longer than the last molar. This specimen does not exhibit any traces of 
incisors ; but another specimen of the symphysis of the same species, also col- 
lected by Mr. Theobald, shews a small cavity on the left side of the extremity, 
which is quite likely to be a semi-obliterated dental alveolus. It is therefore 
quite possible that this species with a spatulate mandible may have been furnished 
with incisors, which were shed before the animal became adult. If this be so, 
the species would agree in character with the European Mastodon longirostris, 
which also has a spatulate mandible and lower incisors. 

The most important measurements of this specimen are as follows : — 
Length from hinder border of last molar to distal extremity of sjmphyiii 29*0 

„ „ anterior border of penultimate molar to „ „ 13*6 

„ of last molar ........ 10*7 

Interval between condyle and coronoid process • ... 60 

Mastodon latidens. 

In this species, I have lately discovered that the last milk-molar of the upper 
jaw was displaced vertically by a simpler premolar, which was not previously 

^ Falconcr^s Pulseontological Memoirs, Vol. 11, p. 15. 
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known to hav(5 been the case. The specimen from -which this interesting dis- 
covery was made consists of a portion of a left maxilla containing a single tooth 
in use which carries four ridges and which measures 3| inches in length. 
Above the base of this tooth the broken jaw shews a complete genn of a pre- 
molar, which I have removed from its matrix : the germ is oval in shape, and 
carries only two ridges, and fore-and-aft talons. Since the larger tooth is situated 
below a premolar, it is clear that the former is a milk-molar, and since it carries 
four ridges, that it is the last or third tooth of that series. I cannot, of courser 
say whether the penultimate milk-molar of M. latideTis was succeeded by a pre- 
molar, but not unprobably such was also the case. 

Genus: Stegodon. 
Stegodon cliftiL 

This species was originally named upon the evidence of teeth obtained solely 
from Ava and Burma, and I cannot find more than one recorded instance of 
its having been obtained beyond those countries. This instance occurs in the 
catalogue of the fossil vertebrata of the Asiatic Society of Bengal,' where a 
portion of a mandible of 8^ cliftii (No. g^) is stated to have been obtained from the 
Siwaliks. In the table of the species of Mcutodmi and Elephant given on page 14 
of the second volume of the ** Paleeontological Memoirs," the distribution of this 
species, like that of Mastodon laiidens, is given as " Southern India and Ava ;" 
now, the latter species is well known as occurring in the Siwaliks, and " Southern 
India" may be a misprint for Siwaliks ; on the other hand. Southern India is 
given as the locality of M. paiidionis which was obtained from the Deccan, and it 
is possible that M, latidens and 8. cliftii have also been obtained from the Deccan : 
if so, however, all record of this has been lost ; on this supposition the word 
" Siwaliks " is omitted from the distribution of M. latidens. All the specimens of 
8. cliftii figured in the " Fauna Antiqua Sivalensis " of which the locality is given, 
were obtained from Ava and Burma, and therefore the only recorded instance of 
the species occurring in the Siwaliks is the above-mentioned lower jaw. 

The distribution of this species being so uncertain, it is a matter of some in- 
terest that I am now able to state clearly that the species does occur in the 
Siwaliks. I am not aware that any specimens of Stegodon cliftii have hitherto 
been recorded as having been found in the Sub- Himalayan Siwaliks. 

Two specimens of molars of a StegodonBenthjMr. Theobald seem undoubtedly 
to belong to this species : the first specimen is a portion of the (probably) first upper 
true molar ; it carries five complete transverse ridges, a sixth having been broken 
away. In the number of ridges the tooth agrees with the first molar of 8. cliftii ; 
it differs from the corresponding tooth of 8, insigitis by having six, in place of 
seven ridges, and by being wider, and by the more open valleys : it is also much 
wider, and the valleys are more open than in the tooth which I refer below to 
8. bombifronsy though that tooth also contains six ridges. The second specimen 
is a right ramus of the mandible containing the ultimate true molar : this tooth 
agrees in general character with the corresponding tooth of 8. cliftii represented 



* Palax)ntologic'Al Memoirs, Vol. I, p. 11 3. -Cat. Fos^j. Vert. Mus. A. S. 1?., p. 75. 
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in fig. 5, Plate XXX, of the " Fauna Antiqua Sivalensis ; " the latter, however, 
carries eight, in place of seven ridges, the number of ridges frequently varying 
by one or more in this tooth. The laat lower molar of 8. insignis carries from 
11 to 13 ridges, and that of 8. hqmhifrqns 9 ridges ; the latter tooth is further 
distinguished from the last lower molar of /S. cUfiii by carrying a large number 
of cusps on the ridges, whereas there are only four or five on the last lower molar 
of 8. clifiiL The ridge formula of the true molars of 8. cliftii will therefore 
now be as follows : — 

646 + 8 

6 + 6 + (7-8) 

8tegodon homhifrons and 8. sinensis, 

A considerable number of molar teeth of other species of Stegodon have lately 
been collected by Mr. Theobald, among which there are some which call for a 
short notice here ; most of these teeth belong to the '' intermediate molars." It 
may be well to state here that the whole of the ridge formxda of the molars of 
8, insignis has been determined by Dr. Falconer ('' Palasontological Memoirs," 
Vol. II, p. 86) and is as follows : — 

Milk-molan. Molars. 

2 + (6-6) + 7 y + 8 + ( 10-ll) 

2 + 6 + 7 7 + (8-9) + (11-13)* 

The ridge formula of 8. ganesa is considered by Falconer to be the same : 
the whole ridge-formula of 8. homhifrons is not known, but it will be gathered 
from the figures in the F. A. S. that it is lower than in 8. insignis ; the third 
milk-molar has six ridges. (F. A. S., PI. XXIX A, fig. 1.) Of 8tegodon cliftii 
the ridge-formula of the anterior teeth is not known ; the two first true molars, 
however, carry each six ridges, and I have already given their formula. 

Having premised this much, our comparisons will be the more easily made. 
The first among Mr. Theobald's specimens to which I wish to call attention is a 
portion of a maxilla, containing the last milk-molar, and the first true molar, 
the latter tooth I shall often refer to as a ; the former tooth appears to have carried 
six ridges, but is much worn ; the latter carries six ridges, and fore-and-aft talons, 
the former joining the first true ridge in the middle ; there is a slight tendency 
to a median division in the ridges, especially the anterior ones ; each ridge carries 
fourteen or fifteen tubercles, and the four last ridges are much curved. The 
dimension of these teeth are as follows :— 



Length of third milk-molar .... 


. 41 


Width of „ „ . . . • 


. 2*3 


Length of first true molar .... 


. 6-9 


Width of „ „ .... 


. 8-0 


Interval hetween 8rd and 4th ridges of first trae molar . 


. 1-0 



Now, it is quite clear, from the number of ridges carried by the first true molar, 
that these teeth cannot belong to 8. insignis or 5. ganesa ; the first molar agrees 
with the homologous tooth of 8, cliftii in canying side ridges, but differs in form 

' The ridges of milk-molar 2 are given as 5, in the specimen represented in F. A. 8., PI. XIX., 
fig. 1. 

K 
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and relative size. The dimensions of the first upper true molar of 8. clifiii 
represented in figure 2 of Plate XXX of the F. A. S. are as follows : 

l^ength ........ 6*1 

Width 8-3 

Interval between Srd and 4th ridges . . 1'2 

The new tooth is, therefore, relatively narrower, and is further distinguished 
by having a large hind talon which is wanting in S. clifiii. Of Falconer's species 
of Stegodon there therefore only remains S. bombifrons to which our specimens can 
belong ; as the third molar of this species has six ridges, the first true molar 
should also have six ridges, and at first I thought of referring the teeth under 
discussion to S. honthifrons had it not been for certain reasons to be immediately 
noticed. 

The true molar in this jaw agrees with the second milk-molar of a Stegodon 
from China, referred by Professor Owen * to a new species under the name of 
8. sinensis, in the following characters ; both these teeth have curved transverse 
ridges, which carry from fourteen to fifteen tubercles, and have a slight median 
division of the ridges. In both teeth there is an imperfect ridge at the anterior 
end, which joins the middle of the first complete ridge : this imperfect ridge I 
consider to be only a talon, though Professor Owen regards it as the first true 
ridge. From a comparison of the Chinese and Siwalik specimens, I have not the 
slightest doubt but that they belong to the same species; the length of the 
Chinese second milk-molar is 2'9 inches and its width 2*0 inches : dimensions 
which would well correspond to those of the tooth which should precede the third 
milk-molar in the Siwalik specimen. 

We have now to consider another first upper molar of a Stegodon from the 
Punjab which I will designate aab ; this tooth carries only six ridges, and cannot 
therefore belong to S. insignis or 8. ganesa. These ridges are very closely 
approximated and run straight across the tooth ; there is a large hind talon. The 
length of this tooth is 4' 9 inches, its width 2*9 inches, and the distance between 
the third and fourth ridges 0'8 inch. From these dimensions it will be quite 
apparent that this tooth is not the first true molar of 8. clifiii, nor of the Chinese 
species. It at one time occurred to me that this tooth might be the third milk- 
molar of 8. clifiii, but the approximation of the ridges is against that view. 
Again, the length of the worn third milk-molar of that species represented in 
figure 1 of Plate XXX of the F. A. S. is only 3'3 inches and its width 2 inches ; it 
is therefore clear that tooth h does not belong to S. clifiii. 

Now, with regard to 8. bombifrons, tooth b agrees with the hinder • molars of 
that species, in having broad and blunt ridges, (" PalaeontologicaJ Memoirs," Vol. I, 
p. 81,) in having a hind talon, and having fewer ridges than the first molar of 
8. insignis. There is, therefore, every presumption of this tooth being the first 
true molar of 8. bombifrons. 

This being so, the first molar a and the Chinese tooth cannot belong to 8. 
bombifrons, and since they do not belong to any other of Falconer s Siwalik species, 
we must retain for these Owen's name of 8. sinensis. 



> Qnar. Joum. Gcol. Soc. Loud., Vol. XXVI, p. 417, pi. 2V". 
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One other tootli remains to be mentioned : this specimen is a small upper molar . 
of a Stegodon, which from its carrying four ridges only, and from its size, mnst be 
a second milk-molar ; the length of this tooth is 2*2 inches, and its width 1*4 inch. 
It cannot belong to 8» insignis and 8. ganesa, since the second milk-molar of those 
species has five or six ridges (F. A. S., Plate XIX, fig. 1) ; neither can it belong 
to 8, sinensis^ since it is mnch smaller than the homologous tooth of that species 
figured by Professor Owen, and differs from that specimen in having no anterior 
talon, and in having straight ridges. 

It may belong to 8, cliftii or 8. bombifrons ; if it belong to the former, it con- 
clusively proves that tooth h cannot be the third milk-molaf of that species, 
as the latter would be far too large to have immediately followed it. If this 
second milk-molar belong to S. bornbifronsy as I think probable, it most con- 
clusively proves that the homologous Chinese tooth cannot belong to that species. 
The inference from the above would be that there existed a fifth species of 
Stegodon in the Siwaliks, which is the same as 8. sinensis of Owen ; and also that 
both that species and S. bombifrons had a low ridge formula, which shews that 
they are closely connected with the Mastodons and 8. cliftii. Professor Owen at 
page 420 of his notice of the Chinese 8tegodon suggests that the two imperfect 
hinder molars, represented in figures 6 and 6 of Plate XXIX A of the F. A. S., 
which were considered latterly by Falconer to differ from the named species, 
belong also to S. sinensis. The discovery of a tooth in the Siwaliks, which 
corresponds with the Chinese specimen of that species, confirms that suggestion ; 
I shall hope on a subsequent occasion to be able to present fuller details of the 
dentition of 8. bombifrons and 8, sinensis. 

Genus: Dinothebium. 

Of this genus Mr. Blanford has obtained from Sind a very beautiful specimen 
of a ramus of the mandible, containing the four last teeth in perfect preservation ; 
several detached teeth have also been obtained from Sind, as well as a single 
milk-molar from Kushalghar. All the specimens seem to belong to D. pentapotamite ; 
the small size of the new specimen of the mandible quite confirms the distinctness 
of the latter species from D. indicwm. 

With the addition of the above-mentioned species, two of which are new to 
the Sub-Himalayan Siwaliks, the Proboscidian Fauna of the Siwaliks of the 
Western Punjab is the largest yet known in any one area ; it comprehends the 
following species, all of which are represented in the collection of the Indian 
Museum : — 

Dinotheriwn pentapotamicBf nobis. 
Mastodon (Trihphodon) falconeriy nobis. 
Mastodon (Tetralophodon) latidens, Clift. 
Mastodon (Tetralophodon) perimensis, Falconer. 
Mastodon {PerUalophodon) sivalensis, Falconer. 
8tegodon cliftii^ Falconer. 
Stegodon bombifrons, Falconer. 
Stegodon sinensis, Owen. 
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Stegodon'instgnts, Falconer. 
Loxadon planifronsy Falconer. 
Euelephas hysudriousy Falconer. 

Stegodon gcmesa may also not improbably occur in the Western Pnnjdb, but 
the teeth are undistinguishable from these of 8. insignis, and no cranium has been 
found. 

The distribution of the Indian fossil Proboscidia, as far as I can at present 
determine it, seems to be as follows:— 

Distribution op Indun Fossil Proboscidia. 

[The abbreviations of localities used in the table are as follows : R, Burmah. D., Siwaliks of 
Dehra Dun District. De., Deccan. C, China. J., Jamna Valley. K. Kach. N. Nerbudda 
Valley. P., Western Punjab. P. I., Perim Island. S., Sind. The following refer to books: 
A. S. B., Falconer's "Catalogue of FossU Vertebrata in Asiatic Society of Bengal." P. A. S.. 
"Fauna Antiqua Sivalensis." P. M., " Palcontological Memoirs." R. G. S. I., "Records of 
Geological Survey of India."] 

Dinotherivm indvcwniy P. I.' 

Dinothervum perUapotamim, K. ; P. ; S. 

Mastodon (TrUophodon) falconeri, P. ; S. 

Mastodon (TrUopkodon) pcmdionis, De.* 

Mastodon (Tetralophodon) latidens, B.' ; D. ; P. ; P. I.* ; S.*" 

Mastodon {Tetralophodon) perimensis, P. ; P. I. ; S. (?). 

Mastodon (Pentalophodon) sivalensis^ D. ; P. I. 

Stegodon cliftii, B. ; P. 

Stegodon honibifrons, D. ; "P. 

Stegodon sinensis C. ; D. (?) ; P. 

Stegodon insignis, D. ; P. ; N.* 

Stegodon ganesa^ D. ; N.^ 

Loxodon planifronsy D. ; P. 

EiielepluLS hysudricus, D. ; P. 

Euelephas namadicuSy* N. ; J. 

In the table of Proboscidia given on page 14 of the " Palaeontological Memoirs" 
certain species, snch as M. laiidens and 8. cliftii, are mentioned as occnrring in 
" Southern India^" and not in the Siwaliks ; this question has alreadj been 
sufficiently discussed above. 



» F. A. 8., pi. 8. * A. S, B., p. 206. • A. S. B , p. 816. 

• Pal. Mem., Vol. II, p. 16. » A. S. B.,p. 266. » R. G. S. I., X. p. 81. 

'A. S. B.y p* 11. 

 I am informed that during the past year Professor Leitb-Adams, in the publications of the 
•* PalsBontographical Society," has endeavoured to prove the identity of the Nerbudda Elephant 
with E, antiquus of the pliocene of Europe. I have not at present seen the Memoir in question, 
and therefore cannot discuss the question fully. I may, however, observe that Dr. Falconer, who 
named the two species, considered them as distinct, but closely allied (Pal. Mem., Vol. II., p. 108) ; 
of the Indian species Dr. Falconer remarks (sup. cit., p. 642) : « It {Elephas namadieus) belongs 
to the same group, JSvelspkas, as the existing Indian Elephant^ but it is broadly distinguished from 
that species and from all other known species by a very marked pecuUarity in the form of the 
cranium, in addition to dental and other characters." 
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ARTIODACTYLA. 

SUINA. 

Gtenna: Htotherium. 

A considerable number of detached molars of both bnnodont and selenodont 
pig-like animals have been obtained by Messrs. Blanford and Fedden from Sind ; 
to some of these specimens I have ah^ady referred at pages 76 and 225 of the tenth 
volume of this publication. 

At page 76 of that volnme I shortly described certadn upper molar teeth which 
I then referred to Samtheriwm schlagintweitii, thinking that they ac^reed in size 
with the lower molars of that species, and that from their form they could not 
belong to any European genus ; I, however, pointed out their resemblance to the 
molars of Hyoth&riv/m (or GhcBrotherinm, as it is often called). 

I now find that these teeth do really belong to Hyoth&rivm; the first specimens 
were distorted and crushed, and consequently were altered from their true form • 
those specimens, moreover, were unusually small, and were both first molars : the last 
molars, which have now been obtained, shew that they are too large to have 
belonged to 8. schlagintweitii. 

Some of the smaller of these upper molars are almost identical in form with 
certain teeth of H, medium from the upper miocene of Weissenau, in the 
collection of the Indian Museum ; they are, however, of larger size, and are theie- 
fore probably distinct ; if such be the case, I shall propose to call the Sind form 
H. sindiense. 

It will be inferred from the above that the upper molars of Samthervum are 
still unknown; the name of that genus must also be removed from the list 
of the tertiary Mammalia of Sind. 

Anthbacothbbium, Rhagatheeium, and Chcbromertx. 

The confusion caused by the reference of teeth of two distinct genera to 
Ohasromeryx (AfUhracotheriwn) silistrenais, has been so great, that it is somewhat 
difficult to recover from it. It will be remembered that at page 226 of the tenth 
volume of the " Records " I separated the five-columned tooth, which had been 
referred to the above species, from the four-columned teeth which really belong to 
0. iUistrensis ; and that, at the same time, I considered that the former might 
possibly belong to BhagcUherium, though I was not certain of this (owing to the 
fact that we have scarcely any specimens of European genera of extinct pig-like 
animals in the Indian Museum for comparison). It has subsequently occurred to 
me that there is really no reason, as far as I can gather from their form, for 
separating the five-oolumned teeth in question from the genus Anthracotherium 
although they resemble in some points those of the closely allied Bhagath&rium) 
and that consequently Pentland was really right ip assigning the five-columned tooth 
from Sylhet to AtUhracotherium, but that he was wrong in assigning also the 
f our-colunmed teeth to the same genus and species ; subsequent authors, as I have 
said in my former notice, erred in referring the five-columned tooth to CJiceromeryx, 
which genus was made expressly for the four-columned teeth. 
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Considering, then, that there is really no reason for separating the five-colmnned 
teeth from Sind and Sylhet from the genus Anthracotheriwn, it will occur to the 
reader that at page 78 of the tenth volume of the " Records " I described under the 
name of Anthracotheriwm punjahiense a lower jaw of a species of that genus obtained 
from the Siwaliks of the Punjab, and that I then remarked, " although these 
teeth belong to an animal of about the same size as ChcBromeryx, they cannot be 
referred to that genus, as they present no generic points of difference from the 
teeth of the European species of Anthracothertum.** Now, since we have found 
that the upper five-columned teeth falsely referred to Ghceromeryx really do belong 
to Anthracotheriumj it will be pretty evident that as they agree in size with the 
lower molars assigned to A, punjahiense that they really belonged to the same 
species. 

Now, with regard to the specific names, it is pretty evident that Pentland, 
in giving the name of Anthracotherium silistrense to the Sylhet teeth, relied upon 
the larger five-columned tooth, neglecting the distinct characters of the smaller 
four-columned teeth. It is also tolerably evident that Pomel, in making the new 
genus Ghceromeryx, founded it on the evidence of the four-columned teeth, the original 
figure' of the five-columned tooth being indistinct, though a second figure given 
in the " Fauna Antiqua Sivalensis," * and apparently copied from the original, 
is distinct. 

I therefore think that the name Anthracotherium silistrense must apply to the 
five-columned teeth from Sind and Sylhet and also to the lower jaw from the Punjaib, 
and that consequently my two specific names of sindiense and punjahiense must 

be abandoned. 

With regard to the specific name of CJuBromeryx, I cannot find in the original 
notices that the specific name of silistrensis is coupled with this genus ; but since 
GhasTomeryx is quoted as being equivalent to Anthracotherium silistrense, it 
appears evident that the specific name was intended to applyto that genus, though 
that genus has really no right to it. One would therefore be at liberty to assign 
. a new name to Ghceromeryx, but I think it best to continue to apply the name of 
silistrensis to the species, irrespective of the question of the identity of the genus 
with Merycopotamnis. 

The synonomy of Anth/racotherium silistrense and Ghceromeryx silidrensis 
will therefore stand as follows : — 

Anthracotherium silistrense — Pent, (excluding four-columned teeth). 
Syn. Anthracotherium pumjahiensey Lyd. 
Bhagatherium (?) sindiense, Lyd. 
Ghceromeryx, Pomel, in parte. 
Chceromertx silistrensis, Pomel (excluding five-columned tooth). 
Syn. Anthracotherium silistrensis, Pent., in parte. 

I regret the part which I have, taken in adding to this confusion of names ; 
but under the circumstances it was almost unavoidable until I discovered the 
original errors in identification. 



1 Trans. Geol. Soc. Lond., Ser. II, Vol. II, pi. 46, figs. 4, 6. 2 PI. 68, fig. 23. 
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Both tHe upper and lower teeth of Anbhracotkeriwni silietrense are exceedingly 
like, both in size and form, to the teeth of an Anthracotheriwm from the brown-coal 
of Bonn (oligocene), described by Dr. Boettger under the name of A. hreviceps 
(Troschel, sp.) ;^ the lower molars of the Indian and European forms are 
identical in size, while the Indian upper molar is rather larger than the 
European. If the two forms belong to one species (which I cannot decide with- 
out comparing the specimens together), the specific name of silistrense would 
stand, since this name was published by Pentland in 1829, while the specific 
name of hreviceps was given by Troschel in 1849.* 

Irrespective of the, at aU events, closely allied European form, Anthracotlterinm 
silistrense had a very wide range in India, having been found in Sylhet, in the 
Punjab, and in Sind. I have already referred to the possibility of the lower jaw 
of this species from the Punjab having been derived from a zone below that which 
produces the great majority of mammalian fossils; the occurrence of the genus in 
the Sind Siwaliks agrees well with the general older types of mammalian genera 
which occur in that area ; among these older genera, we may specially mention 
Hyopotamus and Hyotherium^ which in India have not hitherto been found beyond 
the Sind area, and which in Europe did not survive, afi far as we yet know, beyond 
the lower miocene period. 

Merycopotamus-li£e Animals. 

It will perhaps be remembered that at page 78 of the previous volume of the 
*' Records " I briefly noticed a single upper molar tooth of an extinct Siwalik animal 
allied to Merycopotamus, and which I thought belonged to a new genus. During 
the past season Mr. Blanford has obtained from the Siwaliks of Sind two more 
imperfect upper molars of the same species, and in addition a penultimate lower 
molar of an animal of this class, which in size agrees well with the upper 
molars, and which does not belong either to Merycopotamus or Hyopotamus; 
I think it is, therefore, extremely probable that this lower molar belonged 
to the same animal as the above-mentioned upper molars. The lower molar 
is distinguished from the corresponding tooth of Merycopotamus by having 
a lower crown, by the transverse valley being nearly blocked instead of freely 
open on the inner side, by the worn dentine surfaces of the inner and outer 
columns being of nearly equal width, and by the dentine surface of the inner 
column being equal to the whole length of that column, instead of occupying 
its summit only as in Merycopotamus. The form of the same dentine surfaces 
also distinguishes this tooth from that of Hyopotamus, in which, as is well shewn 
in Professor Owen's figure on plate viii of the fourth volume of the " Quarterly 
Journal of the Geological Society," the dentine surface of the outer column is 
large and wide, while that of the inner column only occupies the summit of the 
colunm, and not its whole length ; the inner column of the new tooth is flatter 
and less conical than in either Hyopotamus or Merycopotamus. 



1 Dunker and Zitters Palacontcgraphica, Vol. XXIV, p. 168. 
^ Boettger, sup, eit. 
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The entire distmctness of these upper and lower molars from those of any 
known genus confirm the oondnsions previonslj arrived at as to the distinctneBs 
of the genus to which they belong. I propose to call the new genus Henwmeryx, 

Besides the aboye-mentioned specimens, Messrs. Blanford and Fedden have 
also collected from the same formation several detached upper molar teeth, which 
belong to two other species of Merycopotamoids, apparently generically distinct 
from any of the above, or from Ghceromeryx, Both these types of teeth are of 
small size, the one is considerably larger than the other; they belonged to a^niTnals 
intermediate between the bunodont and selenodont suina ; both types cany four 
cones only on the masticating surface ; one lower molar, probably belonging to 
the same species as the larger upper molars, has also been obtained. Mr. Fedden 
has also obtained from Sind the hinder half of a cranium of a Merycopotamoid^ 
which, I think, may probably have belonged to the same species as the larger of 
the molars in question. Should further researches prove, as I think will be 
the case, the generic distinctness of these teeth, I shall propose the name of 
Sivamneryx for the new genus. All the above specimens will be subsequently 
figured. 

Of the Sind Hyopotamus ^ the Indian Museum has received two imperfect 
specimens of the last lower molar : these teeth agree very closely in character 
with the European jGT. hovinus ; we have also received a portion of a lower jaw 
containing sections of the bases of tKe two last lower molars, which agree in 
form and size with the last-mentioned lower molars. The fragment agrees very 
closely with the corresponding portion of the lower jaw of H. hovinus figured 
in the above-mentioned paper of Professor Owen's. The depth of the Sind jaw 
is 1*3 inch, and the length of the section of the last molar 1*32 inch ; these 
dimensions seem to be identical with those of H. hovintis; the upper molars of 
the Sind species are, however, less concave on the external (dorsal) surfaces of 
the outer columns than those of the European species. 

From the perusal of this and other papers by myself on the same subject, it 
will be gathered that the Sind Siwaliks afford us evidence of the former exist- 
ence in that area of a very large assemblage of both bunodont and selenodont 
pig-like animals; a group which is very sparingly represented in the typical 
Siwaliks, and of which Merycopotamus seem to have been the last representative, 
the group having now entirely disappeared from the living faunas of the globe. 

We cannot help having a feeling of regret that these interesting animals are 
at present only known to us from the evidence of isolated teeth or of a few 
fragmentary crania and bones. The separation of the upper and lower teeth 
which generally happens in Siwalik fossils often renders it a matter of extreme 
difficulty to refer the upper and lower molars to their respective owners, as 
is exemplified in the case of the above-mentioned teeth of Hyotheriwn and 
Antkracotherivmi. 

I am not sure whether Merycopota/nvus occurs in Sind or not, as the bones 
which I at first thought belonged to that genus which have been obtained by 
Messrs. Blanford and Fedden may very probably belong to some of the allied 

' Bee. Qeol. Snrv. India, Vol. X, p. 77. 
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genera. There are no unworn molars from Sind which I can refer to Meryco- 
potaimUf hut it is just possihle that certain much-worn molars may really 
belong to it. 



Oenus: Sus. 

Of this genus two species, 8. giganteus and jS. hysvdricua, have already been 
named from the Siwaliks ; another species (Sus pusilltuf) was made by Dr. Fal- 
coner from the lower jaw of Sanitherium schlagirUweitii. Among Mr. Theobald's 
Siwalik collection from the Punjab there are two fragments of mandibles of a 
species of Sus which are so small that they cannot possibly have belonged to 
Stu hysudricusy which is the smallest of the named species. The most perfect 
of the two specimens is a part of the left ramus of the mandible containing the 
three true molars of the permanent dentition, which prove that the specimen 
belonged to a fully adult animal. The teeth of the species of the genus Sus are 
so like one another in form that it is generally impossible to tell one species from 
another by the teeth alone: except in the matter of size I cannot distinguish 
between the teeth of the small specimen and those of S» hysudrictis, though the 
accessory tubercles in the outer valleys of the last molar seem to be somewhat larger 
in the former. The discrepancy in the size of the present specimen and of the jaw 
of 8. hysudricvs is, however, so great, that on this evidence alone I have referred 
the two specimens in question to a new species, for which I propose the name of 
S. punjdbiensis ; the species is, I believe, the snubllest of the genus. Below I 
have given the dimensions of the specimen, and have added for comparison the 
corresponding dimensions of the smaUest specimen of the lower jaw of 8. 
kysudricus which is contained in the collection of the Indian Museum : — 



8. funfabmuig. 8, hgwdrieuM, 



1-46 


2*85 


0-61 


119 


0*38 


0*65 


0-49 


0-70 


0-85 


0-66 


0-82 


0-60 


0-29 


0-45 


0-69 


170 



Length of three true molan 

„ of iMt molar 
Width of „ M • 
Length of penultimate molar . 
Width of „ 

Length of first molar 
Width of >» » • 
Depth of jaw at laet molar 



Sus giganteus^ Falc. 

From the red and gray Siwalik sandstones of Niki in the Punjab, Mr. Theobald 
has sent a very magnificent cranium of this species, which is the largest and 
most perfect yet obtained. The lower jaw is attached to the cranium, and the 
whole of the dental series is complete ; in fact, the only noticeable damage that 
the specimen has received is a certain amount of lateral squeezing. 

This cranium was obtained from the deposit which I have already referred to, 
in which were buried such a vast number of bones in a small area ; to the left 
side of the cranium of the pig was attached a cranium of a young Mastodon^ 
which .was necessarily somewhat damaged in the extraction of the former, while 
between the rami of the mandible was firmly fixed the head of a large Ungulate 

L 
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hnmeras, and other bones were in dose proziiniiy. I merely mention these 
facts to shew the nnmber of specimens bniied in this one place. 

The cranium, except in the matter of its vastly superior siase, seems scarcely 
to differ from that of the living Indian pig; the profile of the fossil is, 
however, rather more concave. The following are the chief dimensions of the 
specimen : — 

I&obM. 
Length from supra-occipital to inoisors ..... 23-00 

Interval between supra-occipital and angle of mandible • • . 8*00 

Width above orbits ....... 6*40 

Length of molar series ....... 6*80 

„ of exposed portion of lower canine . • • . • 2*60 

M „ n ** incison . . • • 1*40 

Diameter of upper canine ....... 1*26 

Depth of mandible at last molar ...... 8*80 

Width of symphysis of mandible ...... 2*00 

In addition to the cranium, Mr. Theohald has also sent down the two 
median metacarpals of the left foot of a gigantic Sus^ which doubtless belong to the 
same species, and very probably, since they are from the same locality, to the same 
individual ; they do not differ, except in size, from the metacarpals of the living 
pig. I give their dimensions in order that they may be compared with those of 
the latter ; in the second column are given the dimensions of an outer metacarpal 
of the smaller Siwalik Bus hysudricus : — 

Length of outer metacarpal .... 

Width of distal extremity of outer metacarpal 

ff of proximal » »i « • • 

Length of inner metacarpal . • • . 

These bones are about the size of the metacarpals of the living Malay Tapir, 
•nd indicate that the extinct Indian pig, must have about equalled in size the 
former animal. 

G^nus: Hippohtus. 

This genus, which is confined to the Siwaliks, seems to have been hitherto 
known only by the cranium and fragments of the mandible, figured on plates 70 
and 71 of the " Fauna Antiqua Sivalensis." Mr. Theobald has collected near 
Asnot a considerable number of specimens of the cranium and mandible of this 
genus, and one or two specimens had been obtained from the Punj&b in previous 
seasotis ; the great number of specimens obtained from Asnot illustrates the 
very local distribution of many of the Siwalik mammals. Of the specimens of 
crania and upper molars recently obtained, some are slightly larger and others 
-slightly smaller than Falconer*s figured specimen, but I can see no evidence of 
specific distinction, the gradation from one to another being so regular. 

. In the mandibles, however, there is such a difference in the size and pro- 
portion of the molars that I cannot but think that there is evidence of a 
second species smaller than H, dvaleiisis. Below I have compared togetiier the 
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dimensions of a mandible of H. awcUensis (a), and one of the smaller specimens 



a. 



Length of three trae molars 

„ of first molar 
VTidth of 
Length of second 
Width of „ 
Length of third 
Width of 



>i 



ft 



f> 



9» 



» 



302 


2-30 


055 


045 


052 


0-40 


0-80 


0-70 


0-75 


0-48 


1-71 


1-20 


0-80 


055 



It will be seen from the above measnrements of the teeth of the two jaws that 
tiiose of the smaller jaw are proportionally narrower than those of the larger. 

BUMINANTIA, 

Cahelopardalis and Htdaspitherium.* 

Among the large collection of specimens obtained by Mr. Theobald, dnring 
his last season's work in the Siwaliks, there occnr a considerable number of both, 
upper and lower teeth of yarious species of GirafiEe-like .animals, some of which 
belong to new species, and possibly to new genera, while others illustrate more 
completely the dentition and affinities of previously known species. 

A certain amount of difficulty occurs in referring all these specimens to their 
respective species, since it is in several cases not easy to say whether certain 
lower molaars should be referred to the same species as certain upper molars : or, 
again, whether certain lower molars which cannot be referred to the same species- 
as any of the upper molars, should be referred to the same or to a difEerent genus. 
It will therefore be understood that in regard to the lower molars, some of the 
determinations are only provisional. 

The discoveries of new GKraSoid animals in the Sub-Himalayan Siwaliks are 
gradually bringing to light a group of animals of whose existence scarcely any- 
tiling is 'known in other parts of the world. At the present time there exists of 
this group only the one Giraffe of Africa^ which stands out alone and isolated 
from all other living Ruminants, and is evidently the last specialized survivor of 
a lost group. In the miocene of Attica and in the Siwaliks fossil species of this 
genus occur ; and in the former deposits there also occur the remains of the 
Helladotheritiim, which is the only other European member of the group. 

In Asia, we now know of the former existence of at least four genera, namely, 
Sivathervumy BraTnaiheriwm, Hydaspitherium, and Vishmdherium, Of the third of 
these genera we now know of the existence of three species (unless one belongs 
to a new g^nus), one of which is intermediate in the form of the mandible 
between the Sivathervum on the one hand, and the Giraffe on the other. 

It is, of course, much to be regretted that some of the species to be noticed 
here are only known by fragments of their jaws and teeth, so that we can only 



OriginAlly wrongly named Hydatpidolherium, 
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gaesB yaguelj and darkly at the true affinities of their owners; even, however, the 
bare knowledge of the existence of such highly interesting forms of older mam- 
malian life, has a great importance in all schemes for the classification and evolu- 
tion of the most specialized class of Vertebrates. 

Many of the specimens noticed in the present paper will not require farther 
illustration, and they are therefore described at some length ; others, again, will 
require figuring and more minute description on a future occasion, and are there- 
fore only shortly noticed in the present paper. 

Commencing with the genus Camelopardalis, we may notice that but few molars 
have hitherto been found, and that consequently the present specimens considerably 
enrich our knowledge of the Indian fossil species. In the true upper molars I 
have only found evidence of one species, namely, C. sivalensis ; certain lower 
molars and premolars, however, seem to indicate the former existence of a second 
larger species, and of a third smaller species. 

The specimens collected by Mr. Theobald are the following : a portion of a 
left maxilla containing the three molars; a portion of a right maxilla, which 
seems to have belonged to the same indiyiduaJ, and contains the two last pre- 
molars and the two first molars ; the two last upper molars of the right side ; 
two detached penultimQ.te upper molars; two detached upper first molars; a 
single last upper premolar of the right side ; a portion of a right maxilla con- 
taining the two last milk-molars and the first permanent molar ; a fragment 
of a left ramus of the mandible containing the two last permanent molars ; 
another fragment containing the last tooth of the opposite side, from beds low in 
the series ; a first right lower molar ; a last right lower premolar of large, size ; 
a penultimate left lower premolar ; the two anterior premolars in a fragment of 
the right ramus of the mandible belonging to a larger species : and the last lower 
milk-molar of the left side. 

The teeth of the fossil Siwalik Giraffe hitherto figured and described are 
the two last upper molars, the penultimate upper premolar, the three lower 
molars, and the last lower premolar ; all the above specimens were obtained by 
Dr. Falconer and are figured on plate 16 of the '^ Palffiontological Memoirs." In 
addition to the above, a fragment of a mandible with the last premolar and two 
first molars, obtained by Mr. Theobald from the Punj&b, has been figured by 
myself in the " Paleeontologia Indica." ' 

In the present paper I shall notice the more important of the recently-diB- 
covered specimens, giving the dimensions of some of them. As the majority of 
these specimens do not differ in character from the corresponding teeth of the 
living Giraffe, they do not require minute description, nor will it be necessary to 
give figures of them. 

The two most perfect specimens of the maxilla contain between them the five 
last teeth ; of these I have appended the measurements, which are given in the 
first column (a) of the following table ; in the second column (&) I have given 



* Ser. X. Vol, I, 2. plate VII. fig. 15. 
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the measurements of the ooirespoxiding teeth obtamed bj Dr. Falconer and taken 
from page 202 of the first volume of the " PalsBontological Memoirs ;" while in 
the third colnmn (c) I have given the measurements of the corresponding teeth 
of the living (7. giraffa ;— 



» 



Length of two last molan 

M of list molar 
Width of „ „ 
Length of penultimate molar 
Width of 

Length of first molar 
Width of „ „ 
Length of last premolar 
Width of „ 
Length of penultimate premolar 
Width of 



>» 



*» 



a. 


h. 


e. 


In. 


In. 


In. 


2-40 


2-50 


2*55 


1-27 


1-20 


1-21 


1-25 


1-40 


1-80 


M9 


« • • 


1-21 


1-35 


1-45 


1-35 


107 


• • • 


110 


110 


• • • 


1-20 


0-98 


• • • 


0-90 


106 


« • • 


110 


0-80 


100 


1*08 


0-98 


112 


1*22 



It will be seen that the present teeth agree, very closely in size with Falconer's 
specimens generally, being, however, slightly smaller. One very important differ- 
ence distinguishes the dental series of the fossil species from that of the recent 
species: in the former the last premolar is both longer and broader than the 
penultimate premolar, while in the recent species the penultimate premolar is 
both longer and broader than the last premolar. In my above-quoted notice of 
the lower jaw of the fossil species, I pointed out that the jaw was much deeper than 
that of the recent species, and that the last premolar was relatively more elon- 
gated ; and also that the one known cervical vertebra was shorter. 

There are, therefore, many points of distinction between the recent and fossil 
forms, though the resemblance of the true molar series is very close in the two. 
At page 202 of the first volume of the " Palseontological Memoirs, '' Dr. Falconer 
remarks, that the penultimate upper premolar of the fossil species has three 
tubercles at the inside of the base, which do not occur in the corresponding tooth 
of the recent species ; in Mr. Theobald's specimens these tubercles are likewise 
absent, and therefore do not seem to be of any specific value ; indeed, this tooth 
appears to be liable to vary in the recent species, as in a specimen of a recent 
cranium in the Indian Museum, the penultimate upper molar is furnished with 
a distinct cingulum on the inner side, which is not noticed in Owen's " Odont- 
ography," or in Dr. Blainville's figures. 

The other specimens of upper true molars collected by Mr. Theobald do not 
require further notice, as they are in no wise difEerent from the preceding speci- 
mens. The specimen of the maxilla with the two last milk-molars has the first 
tooth somewhat injured ; this tooth is narrower in front than behind, as is usually 
the case in Ruminants ; the last nulk-molar has a distinct tubercle in the valley 
separating the inner columns ; in the permanent molars of 0. sivalensts there is 
generally no trace of any similarly-placed tubercle, though some specimens in 
the Indian Museum and Falconer's original specimens shew a very smaU one ; 
in the recent species there seems to be always a tubercle in the inner valley of 
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the upper molarB. Tlie dimengjonfl of the Bpeeimeii with the upper milk-molam 
are as follow :•— 



IlMbM, 

1-09 

118 
0-98 
0*90 
0'7(> 



Length of first true molar 
Width of „ „ 

Length of last milk-molar 
Width of „ „ 

w of penultimate milk-molar 

The portion of the left ramnB of a mandible containing the two last molars, 
in respect of the last tooth agrees well with Falconer's original specimen of the 
same tooth ; the penultimate molar is, however, somewhat smaller than the corre- 
sponding tooth of the lower jaw figured by me in the '* Pal»ontologia Indica," 
which has already been referred to. Unfortunately the lower part of the mandible 
of the new specimen has been broken away, but from its t>iiolrn«¥M at the broken 
part it would appear that the jaw was deep, as in the figured specimen. 

The next specimen, which contains the last molar of the right ramus of the 
mandible, has a narrower jaw, and therefore cannot have belonged to the same 
species as the abovementioned figured jaw ; the tooth of the new specimen is also 
somewhat smaller than the corresponding tooth of Mr. Theobald's other specimen 
of the mandible. 

In the following table I have given the dimensions of the figured jaw in the 
first column (a) ; in the second column (5) the dimensions of Falconer's specimen 
of the last molar ; in the third column (c) Mr. Theobald's specimen with two 
molars ; in the fourth column (d) the jaw of the living Giraffe ; and in the fifth 
column (e) Mr. Theobald's specimen with the last molar only; I shall sub- 
sequently refer to the specimens under the heads of the above letters : — 





a. 


b. 


c. 


d 


e. 


Length of penultimate molar 


. 1-25 


% • • 


110 


116 


t « • 


Width of 


. 100 


• • ft 


0-90 


0-90 


• • ft 


Length of last molar 


• • • • 


1-7 


1-69 


1-75 


1*40 


Width of „ 


• • « » 


10 


0-90 


0-90 


0-75 


Depth of jaw at kst molar 


• 240 


• • • 


 • • 


1-65 


1-50 



Now, if these measurements are compared with the measurements given above 
of the upper molars, there can be no doubt but that specimens c and h belong to 
C sivalensis, and that specimen a, though slightly larger, also must probably be 
referred to the same. Specimen e is, however, as I have said, too small to have 
belonged to G. sivcdenHs, and must probably be referred to a new species ; this 
specimen, Mr. Theobald tells me, was obtained far below the horizon of the other 
fossils, and therefore its specific distinctness is the more probable. The depth of 
the jaw of this specimen is absolutely less than that of (7. giroffa^ but is really pro- 
portionally greater, and the species, like (7. avoalensis, belonged to a deeper-jawed 
type ; thus in 0. giraffa the length of the last molar exceeds the depth of the jaw 
by O'l inch, while in specimen e the depth of the jaw exceeds the length of the last 
molar by O'l inch. 

The penultimate tooth of specimen o bears a small tubercle in the outer wJley, 
as is the case in the figured specimen a ; the last molar, as in Falconer's specimen 
by contains no tubercle in 4^ anterior valley, but has a very small one in the 
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poBterior vaUej, wluc^ does not exist in Falconer's specimen ; in the living Giraffe 
ihe first molar has a taberole. 

The next tooth which requires notice is a detached last lower pnemolar of i^ 
right side ; it agrees precisely in form with the corresponding tooth of the speci- 
men a (which is drawn in fig. 14, plate 7, of the above^quoted volume of the 
*' Pabeontologia Indica '*), bat exceeds that tooth in length by 0*37 inch, and is 
therefore too large to have belonged to 0. aivalensisy and seems to indicate a 
third and lai^r species of Siwalik GirafEe. 

The detached first lower molar mentioned in the list of specimens, is of nearij 
the same siae as the corresponding tooth of C, giraffa, and doubtless belonged to 
C. tivalenais ; it carries a large accessory tabercle in the outer valley. 

The penultimate left lower premolar which, I think, may possibly have 
belonged to a small individual of C, sivalensis differs somewhat from the corre- 
sponding tooth of 0, giraffcky and approaches the form of the corresponding tooth 
of Swaiheriwn, and of the same tooth in the jaws which I x^fer to HydaspUhe- 
riwn. The hinder barrel of the tooth is very like the same part in (7. giraffa^ 
with the exception that both the inner and outer columns are somewhat more 
elongated ; the outer column of the anterior barrel is also very similar ; the 
inner side of this barrel is, however, very different. In the living Giraffe, 
the inner column of the anterior barrel is a simple flattened cone, placed 
immediately on the inner side of the outer column, there being consequently a 
central enamel pit in this column; the anterior extremity of the outer barrel 
curves round to form a simple wall bounding the anterior side of the tooth. In 
the fossil specimen, on the other hand, there is no separate inner column ; the fore- 
and-aft extremities of the outer column bending round to the inner side, and 
leaving an open valley between them leading into the central enamel fold ; the 
posterior one of the inner colunms of the anterior barrel is simple, while the 
anterior one forms a large cone, with a central enamel island. The crown of the 
tooth is low (brachydont), and shews that the tooth belonged to the true Giraffes 
and not to the Sivatherioids, in which the crowns are tail (hypsodont). The 
general arrangement of the anterior beirel is very similar to that which occurs 
in Sivaiheriwny and in the jaw which I have referred below to HycUupitherium ; in 
the two latter genera, however, the antero-intemal column of the tooth has its 
enamel fold forming a cleft on the inner side, and not a median pit. 

The dimensions of this tooth are compared below with the corresponding tooth 
of C. giraffoy and I have also added the measurements of the penultimate lowev 
molars of C sivalensis and 0. giraffa^ for relative eomparisons :— 



Length of pennltimate premolar 
Width of n n 

Hdgbt of crown of penolthiwte pranokr 
Length of penoltiinate molar . 
Width of » M • • 

It will be observed from the above measuremenis that the present premolar is 
relatively longer than in the living Giraffe ; in the latter the penultimate lower 
premolar is considerably shorter than the penultimate true molar ; while in (7. 
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sivatenma the two teeth are of the same length ; moreover, from the width of the 
premolar, it seems probable that that tooth belonged to a smaller individual than 
that to which the true molar belonged ; and it therefore follows that the penulti- 
mate premolar was probably longer than the pennltimate molar. 

The above-mentioned specimen is, as I have said, rather small for G. sivalen- 
918, and yet, I think, it may probably have belonged to a small individual of that 
species. The next specimen to be noticed consists of the corresponding tooth of 
the left side, together with the anterior premolar. There is considerable differ- 
ence between the size of these teeth and that of the last, and yet I should not have 
thought from this alone that we ought to refer the present specimens to a dis- 
tinct species ; another character, however, to be shortly noticed, shews us that this 
must have been the case. 

The hindmost of these teeth is almost identical in form with the last specimen, 
the only difference being that the antero-intemal column has its enamel fold 
forming a cleft on the inner side, as in Sivathervum, and not a central pit, as in the 
last specimen. Such a variation in a tooth so liable to vary as an anterior pre* 
molar cannot be taken as having any great specific value. 

The first premolar is a simple tooth consisting of two main columns in the 
same antero-posterior line, and a smaller talon-column in front. In the recent 
Giraffe there is no anterior talon-column ; but a small one occurs in Sivatheriwn. 
Below I have given the dimensions of this specimen, together with the dimen- 
sions of the last premolar and two first molars of the lower jaw of C. sivcdenaiB, 
described by me in the volume of the *' Palseontologia Indica " above referred to 
(p. 41), as being the largest specimen known ; in the second column I have added 
the corresponding dimensions of the living species : — 

Lengfth of second molar 

Width of „ 

Length of first molar . 

Width of „ „ 

Length of last premolar 

Width of „ 

Length of penultimate premolar 

Width of 

Height of 

liength of first premolar 

Width of „ 

Depth of jaw at first premolar 

From the above measurements it wiU be seen that the present teeth are not 
too wide to have belonged to C sivcdeneis; one very important point, however, 
is against the present specimen belonging to that species. It will be seen from 
my previously mentioned notice of the lower jaw of (7. sivalenna that at the second 
molar that spedmen was three-quarters of an inch deeper than the jaw of 
0. giraffOf while the present specimen at the penultimate premolar is half an inch 
less deep ; this, therefore, pretty oondusively proves that the present specimen 
oould not have belonged to 0. sivalensis, but to a second species with a mandible 
even more slender than that of the living sjiecies ; the specimens are too large to 
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hare belonged to the same species as the small specimen I noticed above ; but 
thej might have belonged to the same species as the one that has the large 
detached lower premolar ; this, however, we cannot be sure of nntil we know the 
form of the jaw to which the latter belonged. 

Reverting once more to the premolars, it may be remembered that in the above- 
mentioned notice in the ** Palasontologia Indica," I called attention to the less 
generalized form of the ultimate lower premolar of C. sivalensis^ and I have now 
to add (irrespective of the question of species) that this lengthening of the pre- 
molars was common to the whole series in all the fossil Siwalik Giraffes as far 
as we know ; moreover, in their form the two anterior teeth in question approach 
those of Sivatherium and its allies, shewing a closer connection between the two 
genera. The brachydont form of the teeth under consideration shews that they 
belong to the true Giraffes. I shall hope to obtain further specimens to indicate 
the affinity of the new, slender-jawed form, and do not therefore assign any name 
to the species at present. 

Whether any of the lower premolars in question belonged to Gcmvehpardalis 
sivalensisy or whether they belonged to some other nearly allied animal, id in great 
part immaterial to the real interest of the specimens, which conclusively prove 
that there existed at least one species of Giraffe in the Siwalik period, of which 
the lower premolsirs manifested af&niiy with the 8^vatheri^lm^•^e animals, while 
in the slendemess of its lower jaw, and in the brachydont character of its teeth, 
it was most nearly related to the living Giraffe. We have also seen that there 
appears to be good evidence of three Siwalik species of Giraffes, one very large, 
one of the size of the living species, and one much smaller ; other specimens are 
much needed to throw further light on the first and second species. 

The only tooth requiring notice here, which belongs in all probability to 
Gamelopardalis sivalensisy is a third lower milk-molar ; this tooth belongs to the 
right ramus of the mandible ; it is a three-barreled tooth, each barrel containing 
two columns, and the anterior barrel being the smallest of the three ; these two 
latter characters serve to distinguish the tooth from the third lower true molar, in 
which the hinder barrel consists only of one column, and is consequently the 
smallest of the three ; the general form of the barrels is very similar to those of 
the permanent molars, the smaller size being the chief distinction ; both of the 
vaJleys on the external side contain accessory tubercles. The length of the 
tooth is 1*2 inch, and its width 0*6 inch ; I may observe here that this tooth is 
somewhat longer and narrower than the penultimate permanent lower molar, and 
also exceeds the length of the penultimate upper molar in the smaller specimen 
noticed above, by the same extent as it does the lower molar. This is about the 
proportion that occurs in living Ruminants, and is noticed here, as being of im- 
portance in referring certain teeth to be described immediately to their proper 
owners. 

In addition to aU the above-mentioned teeth, there is an antepenultimate lower 
premolar of large size, which belongs to some Giraffe-like w.Tn'Tnn.1j but not to the 
same species or perhaps genus as any of the other teeth ; the tooth is upwards of 
an inch and a quarter in length, which is longer than the corresponding teeth of 
the lai^ jaw referred below to HydcttpUheriumf and which, therefore, belonged 



90 



Recordi of the Geological Survey of India, 



[vol. XI. 



to a very large animal. The tooth is brachjdont> and the enamel is less rugose 
than in any of the Sivatherioids, and I therefore refer it to the Giraffes. The 
tooth posteriorly has a simple oval-shaped pit on its summit equal to about one- 
third the whole length ; anteriorly it has a simple trenchant edge ; it is therefore 
different in form from the corresponding tooth of either the GirafiEes or Sivathe- 
rioids, and probably indicates a new genus, though I can at present say nothing 
more definite in regard to it. 

We have now to turn our attention to the genus Hydajfpithervum^ of the upper 
molars of which Mr. Theobald has sent a considerable number of specimens from 
the Punjalb. In a forthcoming memoir on the cranium of J?, megodsephalum now in 
the press,' I have shortly noticed the upper teeth of that species, as well as a single 
detached specimen of an upper molar, and I have also pointed out the characters 
which distinguished these teeth from the molars of Bvvaihervum, The new speci- 
mens of upper molars have conclusively proved the existence of at least one new 
species, while another species is known upon the evidence of a lower jaw. 

The notices of the specimens of this genus will be somewhat short, as many of 
them will be figured on a future occasion. 

The first specimen that requires notice is a detached left upper molar which 
is a iypical specimen ; this tooth is distinguished from that of Swatherium gigamr- 
teum by its smaller size, by the rugosity of the enamel being less coarse, by the 
absence of foldings in the central enamel island, and by the form of the external 
surface or dorsum. This latter character it will be necessary to examine rather 
more closely. In the upper molars of Sivaihervwniy the dorsum of the hinder barrel 
carries three bold ridges or costsB, of nearly equal size ; the dorsum of the fore 
barrel contains two similarly bold ridges or costso. In iypical specimens of the 
upper molars of HydaspUhervum megacephalwm, the mesial ridges or costso are 
very much less prominent ; the one on the hind lobe being especially indistinct. 

Among the specimens obtained this year are the two last upper molars of the 
right side, which agree exactly in size with the last-mentioned tooth ; in these 
specimens the costee are still more indistinct on £he dorsa of the hinder lobes, 
this surface being indeed almost evenly concave, and exceedingly different from 
the same surface in the molars of Sivatherium. Still, the difference in the form 
of these teeth and of the typical molars of H. megacephalum is so slight that I 
for the present, at all events, consider it best to refer these molars to that species, 
classing them only as a variety. In the table below I have given the measure- 
ments of the single typical tooth which I call variety a, and in the second column 
those of the two aberrant teeth which I call variety 6 ; in the third column I have 
given the dimensions of the two last molars of S, gigarUevmi-^ 
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The two conjoined teeth shew a faint cingalnm at the base of the inner 
colmnns, which is not observable in the isolated tooth or in the teeth of the cranium 
of JJ. m^gadxphalum. We have now to consider several other specimens of 
upper teeth, which have considerable resemblance to the two last specimens, but 
which are of larger size, and which still further diverge from the Sivatherium type, 
and which must, I think, undoubtedly be referred to a second species of the genus 
Hydaspitheriwm, for which I propose the name of H, grcmde. The specimen 
which I *will here select for notice is a penultimate upper molar of the left side 
from the Punjab. This tooth agrees with the teeth of the last specimen in its 
general form, the dorsum of the posterior barrel overlapping that of the anterior 
column (owing to the oblique position in which they are placed), and the enamel 
being rugose, though less so than in Swaihervum, and there being no crenulation of 
the enamel in the central pits. 

The chief differences of this tooth from those of variety h of the last species, 
irrespective of size, are, that the crown is relatively much higher ; that the anterior 
costa of the dorsum of the hinder lobe is more prominent and curves more forwards, 
and that there is no median costa on this surface, which is more concave than in 
the last specimen ; the median costa on the dorsum of the fore lobe is also 
much less developed ; there is no trace of any cingulum on the internal surface of 
this tooth, nor of any tubercle in the median valley ; the summits of the lobes have 
hardly been touched by wear. The dimensions of this specimen are compared 
below with the above described penultimate upper molar of variety h of 
H. megacephalum — 
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Width of M • 
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This tooth, therefore, is squaref than that of H. megacephalum, and, difFering 
by only O'l inch in width, differs by 0*4 in the height of the crown. These differ- 
ences, I think, amply justify specific distinction ; these teeth from the absence or 
slight development of the median dorsal costaB present no resemblance to those 
of either Sivaihermm or Brtwudherium. They are nearest, of course, to the variety 
h of HydcupUhervum megacephahmif the latter forming a connection between the pre- 
sent specimen and var. a of H. megaeephalumij and those again with Sivaihermm. 
As I have before hinted, it is not impossible that the teeth of variety h of H. 
fnegac^hahim may really belong to a distinct species, though I do not think we 
are justified in m i^TriTig any distinction on the evidence of these teeth alone, as 
they are so close to those of variety a. 

In addition to the above specimens, Mr. Theobald has obtained three detached 
upper molars of the same species from the village of Asnot, as well as the two 
last upper milk-molars of the right side, and two detached specimens of penultimate 
upper milk-molars of the same side, which from their size and form I have little 
doubt must be referred to H. grande. The ultimate milk-molar repeats the 
characters on a smaller scale of the larger permanent teeth ; the penultimate milk- 
molar has the first barrel produced into a point anteriorly, which proves that the 
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two teeth belong to the milk serieB. The dimensioiis of the two teeth are as 
follows: — 

In. 
Length of last milk -molar ...... 1*60 



»f »f 



Width of 

Length of penultimate milk-molar 

Width of „ „ 



1-80 
1-62 
100 



Having now examined all the types of upper molars of this group of ani- 
mals contained in Mr. Theobald's collection, it now remains to consider two lower 
jaws of two species of Sivatherioid animals, which cannot be referred to Sivaiherium 
giganteum ; both specimens are from the Siwaliks of the Punjab. 

The first specimen consists of the greater portion of the right ramus, the 
only missing parts being the extremity of the coronoid process, and the part in 
front of the first premolar ; the whole of the dental series is complete and but 
Httle worn. 

I shall here notice this specimen very shortly, as I shall figure it on a subse- 
quent occasion. The ascending portion of the ramus has its anterior border 
almost at right angles to the axis of the horizontal portion, which distinguishes 
the jaw from that of Gamelopardalis (the corresponding part of the jaw of 
Sivatherittm is unknown). The horizontal portion is slender and bows outwards 
to a great extent in the middle, so that the part immediately below the hinder 
barrel of the first molar is by far the most prominent point in the whole of this 
side of the jaw. The two latter characters at once distinguish the specimen from 
the mandible of Sivatherium, which is very deep, and which is slightly concave 
externally. 

The teeth are distinguished from those of Sivafherium by the costsa on the 
internal surfaces, and especially those of the hinder barrel, being much less pro- 
minent and bold ; and by the reticulations of the enamel being finer, as well as 
by the greater obliquity of their dorsa to their long axes ; in Sivatherium a rod 
placed on the last molar will touch both median costee, while in this specimen it 
will touch the median costa of the second barrel, and the posterior costa only of 
the first barrel. 

The premolars are very like those of the fragment of a jaw referred above to 
OamelopardaliSy but are much larger, and relatively higher, and the enamel is more 
rugose. In the following table I have given the dimensions of this specimen, of 
the mandible of Gamelopardalis y and of 8tvaiherin/m ; the latter dimensions are 
taken from a cast of the specimen figured on plate twenty-one of the first volume of 
the ** Palasontological Memoirs," the original of which is in the British Museum": — 

CawuBlo, Specimen, fiioo. 
Length of six molars .... 
„ four last teeth . . 

„ from angle of jaw to distal end of molar series 
Height from angle to summit of condyle 
Depth at middle barrel of last molar 
„ at hind barrel of first molar 
„ at second premolar 
Thickness at first molar 
Height of unworn last molar 
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The jaw of Sivatheriwn referred to is probably that of a male, other speeimens 
being slightly smaller ; the smaller or female specimens, however, have the same 
form and proportions as the larger. From the above measurements and com- 
parisons there can be no question as to the distinctness of the specimen from 
Sivatheriym. 

The teeth are readily distinguished from those of Brcmi^hervumhjiiheir larger 
size and greater proportionate height ; and from those of VishmUherium by the 
absence of any cingalnm or acoessoiy tubercle, as well as by their much greater 
size. 

There now only remains the genus HydaspUJiervum of described genera to 
which the specimen can belong ; and from the slight development of the costas 
on the dorsa of the upper molars of that genus, and of the lower molars of the 
present specimen, I think it probable that the latter should be referred to that 
genus. 

With regard to the question of species: the above-referred to cranium of 
H. megacephalum is, from the fact of its bearing horns, no doubt that of a male 
individual (the female of the allied genus Sivatherium being hornless) ; now, in 
that specimen the length of the last five teeth of the molar series is only 6*1 
inches, while the length of the last five teeth in the present specimen is 9'2 
inches; this clearly shews that the specimen could not have belonged to that 
species. 

Then with regard to H. grande : this, as we have seen, is only known from upper 
.molar teeth, and there is therefore great difficulty in saying whether or no this 
specimen belongs to that species ; another mandible, however, to be noticed imme- 
diately in the character of its lower molars, approaches nearer to the upper molars 
of JET. grande, and I have accordingly provisionally referred the second specimen 
to that species. The present specimen must therefore belong to a third species, for 
which I propose the name of H. leptognaihiSj with the proviso that subsequent 
discoveries may render it necessaiy to change the generic prefix. 

The present specimen indicates the existence of a slender-jawed Sivatherioid, 
which in the form of its jaw is a connecting link between the stout-jawed Siva- 
therium gigamieum and Oamelopardalis sivalensis, in which the jaw is stouter 
than in the living Griraffe. The perpendicular inner border of the ascending 
portion of the present jaw is quite peculiar, as far as is yet known. 

We have now to consider the portion of a mandible which, I think, may very 
probably belong to HydaspUherium grande ; this specimen comprises a portion of 
the left ramus of the mandible containing the three true molars and the last 
premolar ; the jaw is broken off posteriorly immediately behind the last molar, 
and anteriorly some distance in front of the premolar ; the teeth are only slightly 
abraded by wear. 

This mandible differs from the last specimen by being much deeper, and hj 
being slightly concave instead of convex on the outer surface ; in both of these 
respects it approaches to the jaw of Sivatherium giganteum. The form of the 
teeth, however, at once distinguishes the specimen from the last-named genus, and 
also from H. UptognaUms. The dorsa, or internal sur&M3es, of the teeth are placed 
still more obliquely to the long axis of the jaw than in H, leptognathtts ; and the 
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median costte are still less developed, those of the hinder barrels being indeed 
almost obliterated ; if a rod be laid on the dorsa of the barrels of the last molar, 
it only touches the posterior oostee of the barrels, and not the median oosla of either 
barrel, which shews that the form of the teeth is still farther removed from that 
of the teeth of Sivatheritim than are the teeth of H. Uptognaihus. Perhaps the 
most distingnishing character of the specimen is the form of the dorsum of the 
anterior barrel of the last premolar ; this snr&ce is &n-shaped, narrower below 
than above, and nearly flat, the median oosta being very slight, and the anterior 
costa forming a curved boundary to the dorsum. In the corresponding tooth of 
Sivatheritim the median dorsal costa is very large, and is the most prominent part 
of the whole surface, while at the same time the tooth of Sivatheriwn is less i^- 
shaped. The corresponding tooth of Hyda^spitherium leptognathus is absolutely 
taller and narrower than the present specimen, which alone would be a sufficient 
distinction. I have given below the dimensions of the last lower premolars of 
the three lower jaws ; the tooth of 8. gigcmtevm is rather more worn down than 
the others, and therefore is proportionally somewhat squarer— 

8iv, S. Upio. S^grorndt, 

In. Id. In. 

Width of dorsum of lait premoUur . . 1*40 1*05 1*3 

Height of » ,1 ... 1-72 1*60 1*4 

The other dimensions of the specimen are as follows :— 

Length of four lait teeth ...... 7*7 

Depth at middle barrel of last molar ..... 8*7 

„ at hind barrel of first molar . . . .3*7 

From the above comparisons, it is quite evident that the specimen cannot 
belong to Svoathervum or to J7. leptogrudhus ; the size of the specimen, apart from 
other characters, distinguishes it from Bramaiheriwn and Vislmviherium, The 
specimen, being as large as the jaw of H, leptognathus, for the same reasons can- 
not belong to H, megac^hcUvm, 

There only remains therefore J7. grands to which the specimen can belong ; 
now, in the flatness of the dorsa of the molars of the present specimen, as well 
from their obliquity to the long axis of the jaw, these teeth agree with the upper 
molars referred to above as forming the new species H, grande; the size of the 
upper and lower molars also agrees well together, and I have accordingly thought 
it extremely probable that the two belong to the same animal. I wish it) however, 
to be understood that I cannot be certain in this identification, and that it may 
subsequently be necessary to refer the lower jaw to a new species or even to a 
new genus. 

The animal to which this jaw belonged was doubtless of the massive type 
of Sivatheriwn, and therefore widely distinguished from the slender-jawed J7. 
leptognathus and the true Giraffes ; in the form of its teeth the animal was neai^r 
to the former species, though it diverged still more widely in the form of the 
inner surfaces of the molars from Si/oathervum and the CHbraffes. 

The only other specimen among the collection of teeth of Sivatherioid and 
Gimffoid animals is a last lower milk-molar of the left side; this specimen I 
cannot with any confidence refer to any particular species, and I here merely 
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desire to call attentioii to it. The specimen in question is isa larger than the 
lower milk-molar which I have referred to Oamelopa/rdaUs svoalensis and cannot 
belong to %hat species ; it also differs very considerably in form from that speci- 
men, from which I think that it does not belong to that genus. 

The tooth is composed of three complete barrels, the hindmost of which is 
the largest : these two characters assure us that the specimen is a last milk-molar, 
and not a last true molar. The outer columns of the barrels are set very 
obliquely to the long axis of the jaw, and the median costa on the one perfect 
dorsum is slightly developed ; in these respects the tooth difiEers from the true 
molars of Gamelopardalis and agrees with those of HydaspUhervum, Each of 
the Yalleys on the outer side contains a large and pointed tubercle reaching to 
half the height of the crown. The length of the specimen is 1*9 inch and its 
greatest width 0*94 inch. 

The tooth is slightly longer than either of the two anterior molars of H. 
U^gnaihuSf which is the same relation as exists between the corresponding 
teeth of Gamfielopa/rdaMs swalensia and ordinary Ruminants : and I think it 
extremely probable that it should be referred to the former species ; it is true 
that the permanent molars of J7. lepiognaihus have no accessory columns like the 
milk-molar in question, but it not unfrequently happens that the lacteal series 
does differ from the permanent series in certain points of detail, such difEerences 
generally consisting in that the lacteal molars retain ancestral characters which 
have been lost in the permanent series. 

Among the whole of the specimens sent down by Mr. Theobald from the 
Siwaliks of the Western Punjab, I cannot find dny remains which I can with 
certainty refer to Sivathervum fftgo^nteum^ and it is not improbable that the range 
of that animal did not extend into the area in question, where it was replaced 
by the allied genera ; no species of this group have hitherto been found in Sind. 
Among Mr. Theobald's collection there are a considerable number of the limb 
bones of various Sivatherioid animals, which are generally smaller than those of 
8, gigamieumj and which most probably belonged to some of the above described 
smaller species. I have not yet had time to examine those bones in any detail. 

PEBISSODAOTYLA. 
G^nus: Rhinoceros. 

During the present and past year the Indian Museum has acquired a large 
series' of specimens of the osteology and dentition of the fossil species of this 
genus, which have been obtained by the exertions of Mr. Theobald in the 
Siwaliks of the Punjab, and most especially from the highly fossiliferous beds 
of the village of Asnot in the Jhelam district. 

Among these specimens are the complete adult molar series of Wimoeeros 
swaientiSf the. upper milk dentition of B, palavndicuSf and a complete ramus 
of the mandible with the symphysis of the same species, and, most important of 
all, a large series of the upper and lower dentition of the new species E. plant- 
dens^ which appears to be confined to the Punjab. No specimens of E. platy- 
rhkvus occur either in the present or in previous collections from the PunjiA), 
and it is not improbable that this species did not occur in that area. 
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In tiie present notioe I shall only refer to certain upper teeth of B. planidenSf 
which are far more perfect than the specimens of npper molars described at 
page 23 of '' Molar Teeth and Other Remains of Mammalia^" ^ and upon the 
eiddence of which the species was founded ; and also to a portion of the lower 
jaw of the same species. The new specimens incontestablj prove the distinctness 
of the species. 

Of the two specimens of npper molars which I have selected for notice here, 
one is the penultimate tooth, and the other the last tooth of the right side. 
Both teeth are quite complete and in a middle state of wear ; they are of such 
a size that hj this character alone they might be well distinguished from B. 
sivalenais, which is the only one of the Siwalik species of Bhinoceros with which 
they have any affinity. 

Both of the original specimens on which the species was founded lacked the 
external surface of the crown, the form of which has been ih.eref ore hitherto 
unknown. In the present specimens we find that the dorsum or external sur- 
face is produced into a bold buttress at its antero-extemal angle, and that the 
rest of that surface is nearly flat ; the presence of this buttress alone is sufficient 
to distinguish these teeth from those of B. platyrhinus. 

The other characters of the penultimate tooth are similar to those of the 
previously-acquired specimens, and need no further notice here. The last tooth, 
allowing of course for its difEerent form, agrees in general characters with the 
previous specimen ; it is readily distinguished from the corresponding tooth of 
B, sivalensis by its vastly superior size, and by having a very wide cing^um 
surrounding the outer and inner sides of the anterior collis, and which is con- 
tinued into the median valley to form a low and wide tubercle at the entrance, of 
which there is no representative in the corresponding tooth of B. swalensts; 
the tooth has a small crochet and a large antecrochet. 

The dimensions of these two teeth are compared below y^ih. the same 
dimensions of the corresponding teeth of Bhinoceros sivalensis : — 

PtuuJHuaft aolor. 
Length of anterior sorface 
of internal anrface 
of posterior aorface 
of external snrfoce 

Height of crown 
Lad molar. 
Length of anterior snrface 
of internal surface 
of posterior surface 
Height of crown 

The difference in size is, therefore, so great that from this alone there would 
be no doubt as to the specific distinctness of B. planidensy which indeed seems 
to have been next in size to the largest specimens of B. plaiyrhinus, the largest 
of any species of Bhinoceros with which I am acquainted; the dorsum of the 
penultimate molar measuring upwards of four inches in length. 
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In addition to these upper, molar teeth Mr. Theobald has sent down the 
symphysis and part of one ramus of a mandible of a species of Ehmoceros^ which 
was found with the upper molars, and which I have no doubt from its size 
belongs to the same species. Before going further, it may be well to remind the 
reader that the mandibles of three species of Siwalik BMnoeeros are figured in 
the "Fauna Antiqua Siyalensis," and were referred by Falconer to his three 
species B. sivalenais, B, pdltBvnddctu and B, platyrkiivus ; I do not know on what 
grounds the lower jaws were referred to their respective species, which were founded 
upon crania ; there is, however, no doubt but that these three jaws belonged to the 
three above-mentioned species, irrespective of the question of assigning each to 
each. Now, these three kinds of mandibles all differ from the present specimen, 
and there is, therefore, every presumption in favor of the Pimjab lower jaw having 
belonged to the Punjab B, plamdens. 

The portion of the lower jaw in question consists of the symphysis, and a 
part of the right ramus containing the three last premolars and the first true 
molar ; on either side of the symphysis there is a single huge incisor, that of the 
right side being broken off near its summit, and that of the left at the summit of 
the alveolus ; there are no inner incisors. The single incisor has a flattened surface 
superiorly, looking upwards and inwards, while the inferior and external surfaces 
are rounded, the tooth is strongly curved upwards, and extends above the level 
of the plane of the grinding surfaces of the molars ; the jaw is of great vertical 
depth. 

The lower jaw of B, sivalenais (F. A. S., pi. 74, fig. 6) has no incisors, and 
is therefore quite unlike this specimen. In the lower jaw of B. platyrhmus 
(F. A. S., pi. 75, fig. 10), there are two small inner incisors, as well as larger 
outer incisors ; the latter are directed less upwards, and are straighter and smaller 
than those of the present specimen. 

The lower jaw of B. paUeindicus (F. A. S., pi. 74, figs. 3 and 4) agrees with the 
present specimen in having the outer incisors only ; the latter are, however, smaller 
and shorter, and are directed very slightly upwards, so that only their extremities 
reach the level of the grinding sur&oe of the molars ; and the jaw is shallower 
and the symphysis shorter. 

In the following table I have compared together the dimensions of the present 
specimen, with the corresponding dimensions of the mandible of B. platyrhinus 
and B. paUBindious ; the latter are taken in part from the description of the plates 
of the " Fauna Antiqua Sivalensis, " and in part from specimens in the Indian 
Museum: — 



Depth of jaw at last premolar 
Length of symphjsu 
Vertical diameter of outer incisor 
Transyene » t% • » 

Length of inciaor (broken in R. pianidens) 
„ of three last premolars 

No other Bhinoceros that I have seen has lower incisors at all approaching in size 
to those of the present specimen ; in correlation with these enormous lower incisors 
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we should expect that the npper incisors were likewise of unusual size in 
B. planidens, and such appears to have been the case. Prom the district where 
the upper molars and lower jaw of B, planidens were obtained, Mr. Theobald has 
obtained two upper incisors of a Bhinoceros of gigantic size, which I have no 
doubt belonged to the same species ; the length of one of these specimens is up- 
wards of 4*3 inches, its thickness 1*5 inch, and the height of its crown 1*9 
inch. The upper incisors of the other Siwalik species of Bhinoceros are not 
known ; the present specimen is, however, far too large to have belonged to B. 
swalensis or B, palcBindtcus, while B. platyrhinus is not known to occur in the 
Punjab, and if we may judge from Colonel Baker's cranium of this species seems 
not to have had permanent upper incisors. 

The above comparisons point most clearly to the specific distinctness of the 
gigantic fossil Bhinoceros of the Punjab ; in its upper molars this species approaches 
nearest to B. sivalensis, but is distinguished by their larger size and their 
bold cingulum and tubercle in the median valley ; in the number of its lower 
incisors the new species agrees with B. palmndicus, but is distinguished by 
their curved form and much greater size. 

Oenus: Listbiodon. 

Of this genus, which has still an incerta sedes, Mr. Theobald has obtained an 
upper molar of a very small species quite distinct either from the Indian L. 
pentapotoAmcR or the European L, splendens, or L. lartetii, and which must be re- 
ferred to a new species. The specimen was obtained from the Siwaliks of the 
village of Jabi in the Punjab, and will be described and figured on a future 
occasion ; I propose to call the species after its discoverer, L. theohaldi. 

RODENTIA. 

(Jenus: Htstbix. 

At page 706 of the fourth volume of the " Journal of the Asiatic Society of 
Bengal," in a list of Siwalik fossils given by Falconer and Cautley, there 
occurs the name of the genus HygtriXf as having been obtained with the other 
specimens. The name of the genus again appears on page 293 of the fifth 
volume of the same Journal, and also in the Introduction to the " Fauna Antiqua 
Sivalensis" (Pal. Mem., Vol. I, p. 23). I can find, however, no further mention of 
the genus in Falconer's papers, nor any notice of the specimen on which the 
determination was made ; this specimen (or specimens) has, in all probability, been 
lost. 

With the exception of the occurrence of the name in the above lists, we have 
hitherto known nothing of the occurrence of Hygtrtx in the Siwaliks ; towards the 
end of last year, hpwever, Mr. Theobald forwarded to the Indian Museum a portion 
of the mandible of a species of this genus, obtained from the Siwaliks of the 
village of Asnot, which forms the object of the present preliminary notice. 

The specimen consists of the middle portion of the right ramus of the mandible 
containing the two first molars, and the sockets of the last premolar and last 
molar ; the cutting extremity of the incisor of the same side was also obtained. 
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In this notice I shall content myself with pointing ont the main distinctions of 
the teeth of the fossil specimen from those of H. leticura, which are indistinguish- 
able from those of H» cristaJta, The dimensions of the two first molars of H. 
leucfwra are compared below with those of the fossil teeth : — 



Fossil. 


Recent. 


In. 


Id. 
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0-71 


0-39 


0-35 


0-33 


0-29 


0-36 


0*36 


0-31 


0*28 



Length of two first molars 

,, of first molar 
Width of „ 
Length of second „ 
Width of „ 

From these dimensions it will be seen that in the fossil jaw the first molar is 
longer than the second, while precisely the reverse of this occnrs in the recent 
jaw ; the first molar of the fossil is considerably larger than that of the recent 
jaw, while the second molars of the two are of the same length, bnt that of the 
fossil is wider. Since the smallest of the fossil teeth is as large as the largest of 
H. leucurOf the matter of size will distingnsh the fossil form from the two smaller 
Indian species, H, hengalensis and H. hngicauda. 

Now, for the form of the teeth, in H. leucura the lateral enamel fold at the 
middle of the inner side rons only for a very short distance at right angles to the 
long axis of the tooth, and is connected for a long time with the fold at the 
antero-extemal angle of the crown, and is isolated after its severance ; in the fossil 
jaw this fold runs for some distance at right angles to the same axis, is never 
connected with the antero-extemal fold, and is not isolated at all in the specimen. 
Other differences occnr in the form of the grinding surface, which require a figure 
for their explanation ; as minor differences, the surface of attrition of the incisors 
in the fossil jaw is more concave, and the muscular ridges of the latter are much 
more strongly marked than in the living species. These differences sufficiently 
distiDgfuish the Indian fossil Hystrix from the living species of the genus. 

The only fossils of the genus with which I am acquainted are certain frag- 
mentary specimens from the VaX d*Amo' of which the species is not deter- 
mined ; H. refossa from the snb- volcanic allnvinm of Puy de Dome * ; H. pri- 
migema from the npper miocene of Attica' ; and H. venusta from the pliocene 
of North America/ 

I can say nothing with regard to the nnnamed species : H. refossa has the ena- 
mel islands unusually numerous, and the external fold very slight, and therefore 
differs from onr specimen : H. refossa is considered by M. Pomel to be an agonti. * 
In H. primtgenia the large inner enamel fold of the lower molars agrees in the 
matter of length with the same fold in the fossil Indian species, but it seems to 
be sooner isolated ; the form of the minor folds is also different in the two, and 

* Cuvier : " Ossemens Fossiles," 4th Ed., Vol. VIII, p. 128. 

* Gervais : *' Zoologie et Fd^ntologie Fran^aises, " pi. XLVIII, fig. 11. 

* Gaadry : " Animaux FossUes de rAttique." pi. XVIII, fig. 2. 

^Leidy : "Extinct Mammalia of Dakota and Nebrasca," p. 348, pL 26, figs. 23 & 24; the 
species is there named M. ventuims, which I have ventured to alter to H. venuMta, Mgttrix being 
feminine. 

» Pictet : " Traits de PaWontologie," Vol. I, page 255. 
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in H. primigenia the two first lower molars are of equal length. The molars of 
H. venusta are Terj large, and the folds simpler than in oar specimen. 

The Indian fossil cannot, therefore, be referred to any named specieB with 
which I am acquainted, and I propose therefore to call it H. $ivdlentis, 

Genns : Bhizomts, nov. sp. (?). 

From certain beds at the village of Jabi in the Pnnjab, which Mr. Theobald 
classes as middle Siwalik, I have received two detached rami of the mandible of 
an apparently new Rodent. Each of these rami contains three molars and no 
premolar ; these molars have a single deep enamel fold on the enter side, and 
three smaller folds on the inner side, which are well apparent in the worn teeth ; 
the last molar is longer than the penultimate ; the molars have distinct roots ; and 
the jaw is stout and has well-marked ridges for muscular attachments. The 
length of the three molars is 0*6, and the depth of the jaw at the second molar 
0*5 inch. 

To determine the group of Rodents to which these jaws belong I have made 
use of the classification of the Order Bodentia or Qlires published by Mr. Alston 
in the " Proceedings of the Zoological Society of London*' for 1876. From that 
memoir the following facts may be gathered as to the number and form of the 
lower molar teeth in this order : — 

In the Sub-orders Qlires Duplicidentati and G. Hebetidentati there are 
always premolars. 

In the Sub-order Glibes Simplicidentati, the Sections Sckjbomgrpha and 
Utstricomorpha always have premolars. In the remaining Section, Mtomorpha, 
premolars may or may not be present. It is therefore clear that our specimens 
can only belong to this last section. 

In this section, the families MyoxidcB, Oeomyidce, and TheridomyidtB always 
have premolars. The families SpaUusida and Dipodidce may or may not have 
premolars, while the families LopMomyidts and Murvdas never have premolars. 
It is therefore evident that our specimens can only belong to one of the last 
four families. 

Now, in the three last-mentioned families the molars are always either tuber- 
culate, or carry more or less transverse ridges, and never have external or internal 
enamel infolds. It is, therefore, clear that our specimens cannot belong to either 
of these families, and they can, therefore, only belong to the remaining family, 
SpalacidcB, This family is divided into two sub-families the SpalacincB and the 
BathyergincB ; the latter group has always premolars, while the former lacks them : 
our specimens can, therefore, only belong to the former. 

The sub-family SpalacmcB contains three well-known living genera, namely, 
8palaXy Bhizomys and Heterocephalus ; of these, the molars of Spalax are distin- 
guished from those of the present specimens by having very slight enamel folds, 
which exist only in the almost unworn state ; the lower molars of HeterocepJialus 
are distinguished by having only a single inner and outer fold. (Alston.) 

There now remains only the genus Bhizowys to which our specimens can 
belong; the lower molars of that genus are characterized by having a large 
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external enamel fold, and two or more smaller inner folds, which persist till the 
crown is quite worn down. These characters agree, therefore, perfectly with the 
characters of our Siwalik specimens, and I can have no doubt but that the latter 
belong to that genus ; I have compared these molars with the teeth of 22. suma- 
tr&Mis, and find that thej can only be distinguished in form from the latter by 
the greater depth of the external fold, and by the smaller size of the first internal 
fold; the fossil molars are in one specimen slightly smaller, and in the other 
slightly larger, than those of the recent species ; the fossil mandible is, however, 
narrower and slenderer, the incisors much smaller, and there are other differences 
in the form of the two mandibles which are quite sufficient to specifically distin- 
guish the two forms; these differences will be pointed out on a subsequent 
occasion. I shall hope to give a figure of the fossil. The fossil teeth are larger 
than those of any of the other species with which I have been able to compare 
them: should they belong to a new species, as I think is probably the case, 
I shall propose to call this species B. sivalensU, 

It may not be out of place here to observe that among Falconer's undescribed 
Siwalik Mammalia, there was indicated a new genus under the name of Typhlodon. 
The name only of this genus occurs in the Introduction to the " Fauna Antiqua 
Sivalensis" (Pal. Mem., p. 23), and from the contents it is evident that this genus 
belonged either to the Rodents or Insectivores ; from the name Typhlodon 1 think 
that the genus must have belonged to the former, since the name appears to be so 
evidently derived from Spalaa typhltis. This being so, and since our new 
Ehizomys belongs to the SpalaciniB^ I think it not at all improbable that Falconer's 
Typhlodon was founded on the same Bkizomys. The Introduction in question was 
published in 1844, and a great part of it was written much earlier in India ; it 
is, therefore, not improbable that Falconer was unacquainted at the time of 
writing with the genus Ehizom/ysy which was made in 1830,' and that finding a 
Rodent allied to, but distinct from, Spalax, he made a new genus for its 
reception. 

The genus Bhizomys heing confined at the present time to Asia, it was only to 
be expected that fossil representatives should le discovered in the pliocene of 
that continent; living species are found in India in the Khasi Hills, and the 
Sikim Terai. ( Jerdon.) I beHeve that no fossil species of the genus has hitherto 
been described. An allied genus {Myospalax^) has been formed for the 
reception of the so-called "Quettah mole;" I cannot, however, find that this 
genus has been described ; and I cannot, therefore, say in what respects its 
dentition differs from that of BhizoTnys and Spalax. The genus is not intro- 
duced into Mr. Alston's synopsis. 

CARNIVORA. 

The renmins of Camivora are of somewhat rare occurrence in the Siwaliks, 
and therefore almost every specimen obtained is worthy of notice. 



» Gray, P. Z. S.. 1830, p. 95. 

• A. S. B., Vol. XI, p. 887; XV, p. 141. 
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Grenns: Felis. 

Of a large Felis, which is probably F. cristaia of Falconer, Mr. Theobald has 
obtained from Asnot the patella^ the distal half of the femur, several metatarsal 
and phalangeal bones, and the olecranon. 

Of a smaller species, the radius, the calcaneum, and a portion of the left 
ramus of a mandible containing the alveolus of the canine, and the two premolars 
have also been obtained. I can at present say nothing as to the species to which 
this lower jaw belonged ; it possibly belonged to the same species as the cranium 
figured on plate XXYII, fig. 1, of the fifth volume of the " Journal of the Asiatic 
Society of Bengal." 

Oenus: Htjbna. 

Of this genus Mr. Theobald has collected a tolerably perfect adult cranium, a 
broken adolescent cranium, exhibiting the camassial in its alveolus, and a ramus 
of the mandible ; all the specimens seem to belong to one species. 

Genus: Mellivora.. 

m 

In the unpublished plates of the " Fauna Antiqua Sivalensis " (Q, fig. 4), there 
occurs a figure of a cranium which in the Index to the Plates is named Ursitaztu 
sivalensis ; now, the generic name UrsUawus was proposed by Hodgson ' for the 
Indian ratel, but is now disused in favor of Mellvvora; Ursitaxus sivalensis of 
Falconer wiU therefore here and henceforth be called by me Mellivora sivalensis. 

The above-mentioned cranium seems to be the same as that figured on plate 
XXYII, fig. 4, of the fifth volume of the *' Journal of the Asiatic Society of 
Bengal *' under the generic name of Quia : the specimen is now in the British 
Museum. On fig. 6 of the same plate of the '' Journal of the Asiatic Society 
of Bengal," a nearly complete right ramus of the mandible of the same genus is 
also figured ; this specimen is not refigured in the " Fauna Antiqua Sivalensis," 
and I do not know what has become of it. 

From the Siwaliks of Asnot, Mr. Theobald has sent the dental portion of a 
right ramus of the mandible of a species of Mellivora, which agrees precisely 
with the above-mentioned figured jaw ; the specimen is somewhat larger than 
the mandible of If. indica, while the figured fossil cranium is rather smaller 
than that of M. indica. These differences in the relative size of the two fossil 
specimens may be merely due to sex, as there is considerable variation in the 
size of the sexes of many Ga/mivora ; consequently the new lower jaw may pro- 
bably be referred to Jf . sivalensis. Except in the matter of size, I can see no 
difEerence between the mandible of M, sivalensis and Jf. indica^ and they must 
have been at all events very closely allied. 

Genus: Meles (?). 

In addition to the last specimen, Mr. Theobald has obtained from Asnot the 
left ramus of a mandible which evidently belonged to some n-TiiTno.! allied to the 
badgers, though I cannot be sure of the genus. The specimen shews the base 



1 Asiatic Beflcarches, Vol. XIX, p. 60. 
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of the canine, and of the second premolar (the first having disappeared ), the two 
last premolars, and the greater part of the base of the camassial, its summit 
being broken off. 

The premolars are of the simple conodont type of the true badgers, while 
the camassial is an extremely elongated and narrow tooth' as in those animals ; 
unfortunately its crown being broken away, I cannot compare it with the tooth 
of the badger. The two last premolars are of nearly equal size, and have no 
cingulum, which distinguishes the jaw from that of Mellivora; the three last 
premolars are in close apposition, which distinguishes the jaw from that of 
Ardonyx. 

The jaw has exactly the form of that of Meles taxus, but is considerably 

larger ; and I think it probable that the specimen should be referred to a new 

species of that genus. Meles is not found living in India, but occurs in Tibet and 

Persia,^ and a skin was obtained by the late Dr. Stoliczka in Kfishgaria^ which 

renders it not improbable that the genus may exist in that country. 

• 

GFenus: Amphicton. 

Of Ampkicyon palceindictu Mr. Fedden has collected in Sind a portion of a 
right ramus of a mandible, containing the second true molar, and the alveolus 
of the third ; the second molar is very like the corresponding tooth of A. major^ 
but the form of the masseteric fossa differs in the jaws of the two species. 

G^nus: Htjbnarctos. 

Of the genus Hycenardos the Indian Museum has lately received several 
specimens of the upper dentition, obtained by Mr. Theobald from the Siwaliks 
of the Punjab ; the new specimens comprise a right maxilla containing the three 
last teeth, a left maxilla with the three corresponding teeth, and the detached 
camassials and first molars of both sides belonging to one individual. 

The second specimen and the detached teeth belong to H. sivaJensis ; the 
first specimen, however, seems to belong to another species. The three teeth of 
that specimen occupy a shorter space than the same three teeth in H. sivalensis^ 
the length of these three teeth in the former being 3*1 inches, and in H. sivalensis 
3'4 inches. The most striking peculiarity of tne smaller teeth is in the form of 
the first true molar : in JT. svvalensis the crown of that tooth is oblong in form, 
while in the new specimen it is somewhat triangular, the apex being on the inner 
side ; the inner ridge in the new specimen is also higher and shorter ilia.Ti in 
H. sivalensis ; the camassial and last molar are veiy similar in both jaws. 

The first molar of the new specimen is somewhat like the first molar of 
H. hemicf/on from Sansans,* both alike approaching the form of the correspond- 
ing tooth of iihe dog& ajid Amjphicyon ; the Indian specimen, however, lacks the 
inner cingulum, which occurs in the European form, and the former jaw is 
further distinguished from the latter by the form of the last molar, which is like 
that of H, swalensis. 



> BUnford : ' Extern Penia," Vol. II, p. 44. 

• Gervftis : " Pftl^ntologie et Zoologie Fraii^aises," pi. 81. fig. 9. 
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The new specimen is unlike any other descHbed specieB, and mnst conse- 
quently be referred to a new species, which I propose to call JT. pahdndicua. 

It may be not of out of place here to notice an upper molar of this genus 
which has been figured by Professor Flower in the August number of the 
Quarterly Journal of the G-eological Society/ and which, as well as another 
specimen, was obtained from the English Bed Crag. The figured tooth is the 
first upper molar of the right side, and agrees exactly with the corresponding 
tooth of Mr. Theobald's specimens of H, swcdensis ; the latter tooth being unworn 
and more perfect than those of Falconer's cranium of this species (with which 
Professor Flower compared his specimens) are more suitable for comparison with 
the unworn English specimen. Professor Flower mentions that ** the fine stria- 
tion of the surface of the enamel in lines converging to the apices of the cusps, 
which is beautifully seen in both the Crag teeth," is very indistinct on the more 
worn Siwalik teeth ; Mr. Theobald's specimens, however, agree exactly in this 
character with the Crag teeth, and I can but adopt the opinion of Professor 
Flower that there is no specific distinction between the English and the first- 
named JudiBJX Hycenarcto8, 

In noticing the range of the genus, Professor Flower only alludes to its 
occurrence in Europe and Asia ; he might have added that it also occurs in the 
newer pliocene of South America.^ 

Alleoed Cetacean. 

A cast of the bone referred to the Cetacea on page 103 of the ninth volume 
of the " Records," has been submitted to Professor Flower, who considers that it 
belongs to the Ungulata and not to the Cetacea ; there is, therefore, at present no 
evidence of the presence of the latter order among the Siwalik Fauna. 



The PALiEONTOLOGICAL RELATIONS OP THE GONDWANA StsTBM : A REPLY TO Dr. 

Feistmantel, bt W. T. Blanpord, F.R.S., Deputy Supermtendent, Oeohgical 
Survey of India. 

Introduction, — I have allowed more than a year to elapse without attempting to 
answer any of Dr. Feistmantel's remarks in the '* Records of the Geological 
Survey, " although I cannot admit that in his reply* to my first paper* he has 
either confuted my arguments, or, except in one case,* of which I think he has 
exaggerated the importance, and twice when I had been misled by his own mistakes, 
shown me to be in error. My reasons for waiting were partly that I had other 
matters of greater urgency to attend to ; partly that I hoped the irritation which 

> Vol. XXX, p. 634. 

• O. C. Marsh : "Address to Ameriean Science Association/' Newhaven, 1877, p. 46. 
» Rec. Q. 8. I., vol. IX, p. 115. 

* lb. pp. 79. 

^ This refers to the presence of Cyeadeacea in the lower Oondwtoas. The only error I com- 
mitted was in overlooking the fact that Noeggerathia is classed by many writers as a Cjcad. The 
affinities of this plant are by no means detennine d with certainty.— See Oeol. Mag. 1876, p. 489 ; 
1877, pp. 190, 431 ; Rec. G. S. I., vol. IX, pp. 118, 140. 
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Dr. Feistmantel exhibited at finding his conclusions were not immediately accepted 
might subside ; partly, that I feel, in this discussion, that the contest is unequal. 
Dr. Feistmantel has the enormous advantage of a thorough acquaintance with tho 
literature relating to fossil plants, whilst I possess but a very imperfect knowledge 
of the subject. 

Of the three different papers which Dr. Feistmantel has published in reply 
to my remarks, it is my intention to notice only one at any length. One of the 
three papers, that published in the "Neues Jahrbuch" for 1877,' I have only seen 
since this- paper was first written, the number of the " Jahrbuch " which contains 
it having, through some error of the agents or of the post, failed to reach the Survey 
library at the usual time. The second paper appeared in the "Geological 
Magazine" for November 1876.* The publication of these two papers is, I think, 
a misfortune, and I believe Dr. Feistmantel has seen cause to regret having 
written and published them. 

The paper in the fourth number of the " Records " for 1876 stands in a very 
different position ; it appears as an official document, and should it not be shown to be 
erroneous, it will certainly be supposed by geologists generally to have been 
accepted by the Geological Survey of India, and consequently as entitled to more 
weight than an occasional paper printed, without any official supervision, in a 
scientific journal. At the same time I cannot profess to answer every paragraph 
in detail. Dr. Feistmantel is a voluminous writer, and although there are many 
statements open to question in the numerous papers which he has already con- 
tributed to the Survey publications, I do not see the use of attempting to answer 
them all ; I merely refer to them lest I should be supposed to acquiesce in every 
statement which I do not attempt to refute. Besides the various notices in tho 
" Records of the Geological Survey," a long paper containing descriptions of some 
fossil plants from the Damuda series in the Raniganj coal field has appeared 
in the " Journal of the Asiatic Society of Bengal," * and contains numerous state- 
ments of opinion as to the relations of the beds and of their flora. With these 
opinions, in several instances, I am unable to coincide.^ 

Reasons for pvhlication of previous paper. — As much of the annoyance exhib- 
ited by Dr. Feistmantel at the publication of my former paper appears due to 
my having written it before waiting till he had stated his views at greater length, 
and specially at my remarks appearing in the same fasciculus as his own, and as 
he has called attention to this circumstance in the " Geological Magazine," * and 
in the " Neues Jahrbuch," • I think I am justified in explaining my reasons 
for acting as I did. Mr. Medlicott, the Superintendent of the Survey, left me 



» Leonhard und Geinits^ Neues Jahrbuch fur Miuenilogie, Geologic und Pala?ontologic, 1877, 
p. 147. 

« Dec. II, vol. III., p. 481. 

* J. A. S. B. 1876» pt. 2, p. 329. 

* There are also several remarks referring to members of the Geological Survey, niul espiH;iullr 
to Dr. Oldham, which are neither accurate nor just. See, p. 332, the pnmgniph commencing 
** But the fossils "—and p. 373, the fourth paragraph from the top of the page. 

* I. c, p. 491. 

* 1. c. p. 148. 
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in charge of liis office for three months, in July, August and September, 1876, and 
one of the duties entrusted to me was to edit the number of the " Records " for 
August. OnepaperbyDr. Feietmantel, "On the Age of some Fossil Floras in 
India," had appeared in the previous number of the " Records/' and a second was left 
with me in manuscript. It appeared to me that both these papers were to some 
extent deficient ; that whilst numerous circumstances were stated in favour of the 
writer's views, some important conflicting evidence was omitted, and that previous 
observers were treated in some cases not quite fairly. The opinions put forward as to 
the age of the rocks ( and it should be remembered that, in Dr. Feistmantel's two 
first papers especially, the term " age " appears to be used in a distinctly chronological 
sense ) seemed to me to be much more positive than was justified, even by the 
evidence adduced, and altogether I thought that if Dr. Feistmantel's remarks were 
published, it was only right to point out that there was another side to the argument. 
I thought, and still think, that Dr. Feistmantel would have consulted his own 
reputation and the interests of the Survey by abstaining from publication until he 
had given more study to the subject, and until he had more thoroughly mastered 
the language in which he wrote ; but as T was only in temporary charge of the 
Survey publications, 1 did not feel justified in refusing to print the paper which 
had been left with me. I had, therefore, the choice of two courses to pursue : 
I might as editor have appended a running commentary of footnotes, calling atten- 
tion to the points in which Dr. Feistmantel's opinions and statements differed from 
those of other observers, or I might have written a separate paper, explaining the 
data on which I felt obliged to dissent from Dr. Feistmantel's views. The first 
course is one which I have personally experienced more than once, and which I have 
always thought an unfair advantage taken by an editor ; I consequently adopted 
the latter alternative as fairer and more courteous. I printed my remarks 
in the same number as Dr. FeistmanteFs, first, because it appeared to me 
unjust to others to allow Dr. Feistmantel's statements to appear without comment ; 
secondly, in order to have the advantage of correcting the proofs myself, as 
it was probable that I should not be in Calcutta when the next number of the 
" Records" was due. So far as I am able to judge, there was not a single line in my 
paper to which any objection could be taken on the score of courtesy and fairness, 
nor can I see that there is any cause for the annoyance which Dr. Feistmantel has 
since shown. Not only, so far as I can judge, was I perfectly justified in pointing 
out that there were several omissions in his paper, but it was to some extent a 
matter of duty to my colleagues to do so, and I endeavoured to accomplish this 
task without giving Dr. Feistmantel any occasion to suppose that he was harshly 
treated, or that I underrated the value of his observations. I can only regret 
having failed in my intentions, and that his reply compels me to call attention to 
matters I w^ould willingly have forgotten. 

Arranfjcmeiit of 'present i)aper, — I proceed to the consideration of Dr. 
Feistmantel's various papers in the " Records of the Geological Survey," and espe- 
cially to that which appeared in the fourth, or November, number for 1876. Tho 
course I propose to adopt is first to call attention to a few points on which I differ 
from the writer, or on which I think his remarks are liable to cause error, and then, 
taking the various groups of the Gondwana system from top to bottom, to 
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enquire how far Dr. Feistmanters published views are consistent with facts, 
and to notice in each case his objections to mj arguments. I should perhaps 
commence by saying that my first objection to Dr. Feistmanters writing from 
beginning to end is that he repeatedly omits to state the whole of the facts ; he 
brings forward just so much of the evidence as is in favour of his own views, 
and ignores the remainder. Of this I shall have occasion to give several instances. 
I quite believe this to be unconscious and unintentional on Dr. Feistmantel's part, 
but it tends to invalidate his arguments so seriously, that it is impossible to leave 
it unnoticed, and it has this most serious disadvantage that, as most of his 
papers are upon a somewhat abstruse subject, it is almost impossible in general 
to tell what points have been omitted. 

The palaorUological corUradidioii. — On p. 115 ^ Dr. Feistmantel points out 
that on p. 29 he had fully noticed as a palseontological contradiction the discre- 
pancy between the fauna and flora of the Kach group — that is, the Umia 
group of Dr. Stoliczka. This is correct, and I ought, perhaps, in my paper to 
have noticed it. Unfortunately, however, any one turning to Dr. Feistmanters 
paper to learn his views as to the " age " of the Cutch (Kach or Kachh) beds 
would assuredly consult pp. 33, 34, where a summary of the conclusions is given. 
These conclusions appeared to me misleading in two respects : they represented 
the various localities from which plant-remains had been obtained in Cutch as 
belonging to two distinct horizons, and the only palsBontological contradiction 
was said to be that plants indicating *' generally an age as old as the Bathonian 
or Bath oolite, and some of them a still older horizon " were from higher beds 
than the ammonite fauna, which is " not older than Bathonian. " I was, I think, 
fully justified in pointing out that the contradiction was much greater than 
would be supposed from Dr. Feistmantel's remark. 

^^ Premature conclusions.^^ — At page 117 Dr. Feistmantel writes — 

"I would next notice some points relating to the lower Gondw£na groups upon wliicli Mr. 
Blanford's conclusions were rather premature. It will appear (a) (6) that the affi- 
nities of our Damuda flora with that of the mcsozoic epoch and especially of the triassic 
formation are overwhelming, and that the arguments for this conclusion arc not derived from 
three species discovered only last year." 

A reference to vol. ix, p. 82, will show that this is not a correct representa- 
tion of my language. I. said " main arguments, " and by divorcing the phraso 
from its context, the expression is made to take a very different aspect from that 
intended. All I wished to point out (Z. c.) was, that although Dr. Feistmantel 
might be justified in considering the Damuda flora as triassic, his predecessors, 
who were ignorant of some of the facts since discovered, should not be blamed, 
as he had by implication blamed them,* for coming to a different conclusion. 
The only known connection of any importance between •the Damuda flora and 
the European triassic flora, previous to the discovery of the three Karharbari 



 Rec. G. S. I., vol. IX, pt 4. 

» See, for instance, Rec. O. S. I., vol. IX, p. 68. " It has been, and will perhaps yet be, endea- 
voured to show that the Indian Damuda series are of palaeozoic age, but I do not see where is the 
proof, as the paleontological results, the only possible proofs, indicate lower tnesosoic, &c" The 
italics are in the original. 
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plants belonging to VoUziay Alhertia and Neuropteris was in the occurrence in both 
of allied forms of Schizoneura, In Dr. Feistmanters own conclusions (I. c. 
p. 77) the only Damuda species said to be triassic were Schizoneura Gondwanensis^ 
Neuropteris valida, VoUzia acidifoliu, " and perhaps Alhertia speciosa, " and I was, 
therefore, I think, not ''premature" in concluding that Dr. Feistmanters ''main 
arguments " for the triassic age of the Damudas, were derived from the three 
last species, since the occurrence of the Schizoneura alone would scarcely have 
sufficed to indicate the age of the beds. 

The differences between the floras of the upper and lower Oondwinas may 
not be quite so absolute as I thought that they were, but still the difference is 
very great. The question as to the " analogy with the flora of the lower coal 
strata in Australia " I will deal with hereafter. 

Tlie case of MacroUeniopteris, — On p. 118, in order to show that the Damuda 
(lower Gondwana) formation is closely allied to the upper GU)ndwina Rajmahals, 
Dr. Feistmantel thus insists on the resemblance between certain forms of Macro- 
Ueniopteris found in the two series, and the distinction between them and the 
European carboniferous forms ; in this instance the object is to shew that the 
Damudas are mesozoic — 



** There are amongst the TtBniopieridm two forms which are very near to some from the 
Bijmah^ Hills, MacroteeniopterU dan<Boide8 being very near to M. lata, O. M. var. musatfoUa . . 
. . " Of course it may he said again that these are genera of wide range, but yet the species are 
distinct ; so is the Macrot€eniopteris lata and danaoidea well distinct from Teeniopteris cUtnormU* 
or Oermani or muUinervis in the carboniferous . . ." 

It should be noticed that in the above extract, in order to emphasize the 
distinction between Taniopteris dancBoides and the European palseozqic species, 
the former is placed in the genus or subgenus MacrotaniopteriSf whilst T. ahnormis 
is classed with T. Germani in TaniopterAs itself. 

A few pages farther however, (p. 128,) in what is virtually a distinct paper, 
instead of proving the Damudas high in the series, the object is to show that the 
upper Oondwanas are low down. The relations between the various species of 
MacTotaniopteris are again discussed, but with a slight difference. Not a word 
is said about the Damuda species, but Dr. Sterzel's notice of the close relationship 
between the B4jmah41 species and T^niopteris ahnormis is quoted with approval — 

<* Dr. Sterzel says about these species (Jf. lata, M, mutafoUa, and Jf. Morrift) so closely 
allied with Tanopt, ahnormis, Gutb., that there is scarcely any difference, and only the formation 
separates them. For me it is a great satisfaction to see forms, which I have declared to be linssic, 
so nearly related with a permian one." 

Contrast this with the last extract, in which M, lata was said to be " well 
distinct" hom. Taniopteris ahnormis. But this is not all; farther on, arp. 137, 
a new Macrotaniopteri^ from the Damudas is described and shown to be interme- 
diate in characters between the Rajmahal M. lata and the permian M. ahnormis^ 
and this piece of evidence is again brought in to prove the Damudas triassic. 

" Our species holds a middle place hetwcen the permian Tteniopt. (Macrotaniopt.) ahnormis, 
Gutb., and the throe species of MaerotiBniopteris from the Rajmah&l Hills, and we have, therefore,' 
in our triassic bo<ls, between the permian and Jurassic, a Macrofaniopterit.** 

' Subsfciueiilly said to be permiau. • 
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Yet again p. 142, in a description of new fossils from the Damnda (Bani- 
gonj) gronp, MacroUBniopteris datueoides is jnentioned once more. Here, again, the 
object being to prove the Damndas mesozoic, TtBniojpteris dbnormis and its affini- 
ties are ignored, the resemblance between T. dawPoides and the Bajmah^l forms 
is again insisted upon, and the old arguments repeated. All the specimens are 
said to " have a very mesozoic aspect and strikingly resemble certain specimens 
from the lias (Keuper ?) in the Alps. " 

I admit that this matter is comparatively of trivial importance, bnt still it is, 
I think, only right to call attention to it, becanse it is a typical and characteristic 
example of what I cannot bnt consider a radical error throughout Dr. Feistman- 
teFs arguments. The whole of the facts, so far as I know, are stated in one place 
or another, but the mesozoic or the palseozoic relations of MacroUBniopteris are 
insisted upon, according as the one or the other is in favour of the writer's 
arguments at the moment. 

Criticism of one of Dr. FeistmanieVs sentences. — To illustrate the peculiar 
form of argument further, I will take for criticism a single sentence. Dr. Feist- 
mantel first points out that Dr. Oldham endeavoured to shjw that the Damuda 
flora was palasozoic, that this view had been questioned by Sir C. Bunbury, and 
that subsequent collections afforded *' unmistakable evidence" in favour of the 
mesozoic' and, in the writer's opinion, triassic age. He proceeds — 

" Already in the old collections from Ranigonj there were proofs enough. There were Schiso- 
neura very frequent, there were one or two Sa^enopieris, PresL, Olossopteria, different from those 
in Australia. From E£mthi there were specimens of TcBniopieris (Macrot€Bniopterit and An- 
giopteridiwn) of distinct real £hi/lloth€ca, like that in the oolites in Italy ; there were again a 
quite different Olossopteria from those in Australia, different not only hy the shape of the leaf, hut 
especially b^ the fructification." < 

Now, so far as the old collections went, the only Damuda specimens of 
SMzoneura ' which had been determined were from some of the highest beds in 
the Baniganj group at the top of the Damuda series : the form is locally abund- 
ant it is true, but, to the best of our knowledge some years ago, it was only 
found in the position I have stated. The Sagenopteris may be mesozoic, but the 
quotation of ^^ Glossopteris different from those in Australia," is certainly no 
argument in favour of the mesozoic and triassic age of the Damudas. In the 
first place, it is only since Schimper's work appeared in 1869 that the species of 
Olossopteris have been distinguished ; Dr. Oldham thought differently,* and be it 
remembered Dr. Feistmantel is in this paragraph imputing blame to Dr. Oldham 



> 1. c, p. 119. 

« I, of course, copy these extracts as they are printed. 

» In several papers, and especially in the " Geological Magazine," 1876, p. 488, and " Neues 
Jahrbuch," 1877, p. 155, Dr. Feistmantel writes of Schizoneura as though it were excessively com- 
mon in the Damuda formation. This is, I think, a mistake. Schizoneura abounds in one or two 
beds in the Raniganj field amongst the very highest Damuda (Raniganj) strata, and a large number 
of specimens were collected from these beds, so that the plant is peculiarly well represented in 
the Museum, but so far as my own experience goes, I have only found Schizoneura loaves in, 
I think, two localities in the Raniganj field, Tlic stems may have been fomid elsewhere, but 
they are far less common than Vertehraria and Olossopteria. 

* Mem. G. S. I., Vol. 11, p. 328. 
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on the score of the knowledge which existed in 1860-61/ not that available in 
1876, but eyen supposing that the forms are distinct, the presence of Olossop- 
teris different from those in Australia is no evidence either for or against the age 
of the Damndas being mesozoic or palseozoic. 

The genus TcBniopteris (Macrotaniopteris and Angiopteridium) from £[amthi 
is the next proof. Now, when Dr. Oldham wrote, the genus Taniopteris had not, 
to the best of my knowledge, been divided into subgenera, and therefore the 
relations of the genus as a whole were to be considered. But the genus is 
palaeozoic as well as mesozoic, and Dr. Feistmantel himself admits, p. 137, the 
a&iity between the Kdmthi species and the permian one. Moreover, the specimens 
of MacrotcBniopteris, if collected by Mr. Fedden, as Dr. Feistmantel states, were 
not amongst the old collections, for Mr. Fedden first went to K&mthi in 1866, 
whilst Dr. Oldham's last paper was published in 1861. 

Then, amongst the Kamthi fossils there was " distinct real Phylhtheca, like 
that in the oolites in Italy." No mention is here made of the connexion with 
the Australian Phyllothecay admitted by every one to be just as closely allied to 
the Indian forms as the Italian are. This is far from the only instance in which 
this important alliance is left entirely unmentioned, although it is, of course, 
noticed elsewhere. As I shall show presently, there is good evidence that the 
Australian Phyllotheca occurs in undisputed carboniferous beds. 

Lastly, the '' quite different Olossopteris from those in Australia, different not 
only by the shape of J the leaf, but especially by the fructification," is again urged 
as proof of the Damudas being mesozoic. I have already noticed this argument, 
supposing Dr. Feistmantel to be correct in his facts ; but is he correct ? It ¥rill 
be seen that he admits of no doubt or question ; the distinction in shape of leaf 
and fructification is asserted as a well-known fact, and from the context must 
be supposed to have been a fact sufficiently clear some fifteen or sixteen years ago. 
Some quotations from SirC. Bunbury*s paper on the flora of the KSmthi beds of 
Nagpur will serve to show how far the distinction was admitted as valid. Speak- 
ing of 0. Brovsiiiana var. Indica, he says — ^ 

" On comparing this Indian Qlossopteris with the common Australian Q. Bro^niana, allow- 
ing for the apparent differences produced by the nature of the stone, and the state of preservation 
of the specimens, I can find no satisfactory specific distinction ; the venation is essentially the 
same . . . Thb general form varies considerably in the Australian specimens, and is often quite 
OS narrow as in those from Nagpur ; the apex also varies in the Australian plant, from very obtuse 
and even refuse, to rather acute, though I admit that it is never, in the specimens I have seen, as 
acute as in the Indian. I have seen no trace of fructification in Australian specimens, nor is any 
mentioned by McCoy ; on the other hand, I am unacquainted with the rhizoma of the Indian 
Qlossopteris. In the absence of these important points of comparison, we cannot feel certain of 
the specific agreement of the two." 

In another place Sir C. Bunbury writes thus ^; — 

" Another and very striking characteristic of this Nagpur fossil flora is its close analogy with 
that of the coal formation of Australia. The prevailing plant in each of the deposits is a Glossop- 

» 1865 according to Dr. Feistmantel, Rec. G. S. I., Vol. IX, p. 118, but he is in error, as the 
paper referred to Ib dated Ist June 1861, and appeared in the first part of Volume III. of the 
" Memoirs," published in 1861. Dr. Oldham's first paper, too, was published in 1860, not in 1861. 

» Q, J. G. S., Vol. XVII, 1861, p. 328. 

» 1. c. p 342. 
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ieiig, and it appears (as far as we can judge in the present state of our knowledge) to be 
actually the very same species in both P " 

The above extracts relate solely to O. Broivniana var. Indica, but the typical 
form of G. Broifmicma, — identical in shape of frond with the Anstralian species 
or variety, — was also recognised hj Sir C. Bnnbnry amongst the Nagpnr fossil 
plants.^ Surely this fact ought to have been mentioned. 

•Again, as regards the fructification. As is shown above, Sir C. Bunbury 
(writing in 1861, the year in which Dr. Oldham's last paper was published) had 
no information as to the fructification of the Australian form. The only inform- 
ation since obtained, as far as I know, is that published by Mr. Carruthers in 
1872.' He says, speaking of some specimens from Queensland — 

" Olossopteris Brotoniana has been so frequently described and figured, that I find nothing 
additional worth recording from an examination of Mr. Daintree's specimens, unless it be that 
one shews some indications of fruit in the form of linear sori running along the veins and 
occupying a position somewhat nearer to the margin of the frond than to the midrib. " 

The fructification in the commoner Nagpur form of Glossopteris (G. Indicay not 
G. Broimiiand) which is figured in Sir C. Bunbury *s paper, ' is of course quite 
different. But is the evidence of " indications of fruit, " observed only in one 
specimen amongst the numerous fronds of Glossopteria Brovmiana which have been 
examined, sufficient to justify Dr. Feistmanters confident assertion that the 
Kamthi GlossopterU differs from "those in Australia" " especially by the fructifica- 
tion ? " and why is the existence at Kdmthi of Glo8So;pteris Brovmiana identical 
with the Australian form left unnoticed ? and is it fair to quote information first 
published in 1872, in order to show that a writer in 1861 was guilty of ignorance 
for not being aware of such facts ? 

I have criticised this passage at great length in order to show how very much 
Dr. Feistmantel's statements and arguments are open to question. The sentence I 
have taken is by no means exceptional, but it is of course impossible to go through 
the whole paper in the same way. 

Proof of mesozoic age. — Still, before quitting this question of evidence, I may 

perhaps aa well deal at once with Dr. Feistmanters views of what constitutes 

"proofs of mesozoic a,ge." Mr. Wood-Mason* is said to have brought a suite of 

fossils affording such proofs. Amongst the forms cited are Vertehraria and 

Alethopteris Lindleyana. In another place Dr. Feistmantel writes* — 

" The Damuda flora exhibits itself quite decidedly as mesozoic and most naturally of triassic 
age, as out of thirty-one species known at present, there are nineteen distinctly mesozoic forms." 

Or again ' — 

" The mesozoic (epoch) is marked by the following peculiar genera (of EquisetacecB), 
Schizoneuraf Sissimp.** Sphenophyllum, a peculiar form. 



Thtflloiheca, Bgt 



Vertehraria, Ac,** 



Is this not a case of petUio prineipii ? One of the questions in dispute is 
whether the age of the beds in Australia, in which Yertebraria occurs, is palaeozoic 



" 1. c, p. 329. 

« Q. J. G. S. 1872, Vol. XXVIII, p 354. 

•I.e.. PI. VIII, fig. 1,4. 

* Ucc. G. S. I., IX, p. 119. 



* 1. c, p. 121. 

« J. A. S. B.. Vol. XLV. 1876. pt. 2, p. 337. 

"* This is, of course, a misprint. 
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or mesozoic, andtas the genus is nnknown elsewhere, except in the Indian rockfc, 
it can only be a mesozoic form because of its occurrence in those Australian beds. 
Now, those beds are held to be of palsBozoic age by authorities whose opinion is 
certainly entitled to some respect, and, as I shall show presently, the evidence 
in faivour of this view has been, I think, greatly underrated by Dr. Feistmantel. 
The same argument applies to Phyllotheca with even greater force, because this 
genus is stated by Mr. Clarke' to occur in the Olossopteris beds interstratified 
with marine carboniferous rocks, and if it be replied that Mr. Clarke may have 
been mistaken in his identification, and that there were no specimens of Phylla- 
theca in the imperfect collection from the lower Australian coal beds examined 
by Dr. Feistmantel himself, 1 would call attention to a letter from Professor 
McCoy to Mr. Daintree printed in the " Quarterly Journal of the G-eological 
Society " for 1867.* Professor McCoy is surely a competent observer, and as he 
is, and has always been, the most energetic advocate of a mesozoic age for the 
Australian plant-bearing rocks, his evidence may fairly bo accepted in this case. 
He identified certain plants from Queensland as Olossopteris Broumiana and Phyllo- 
theca AttstraliSf and although it is not stated that the Phyllotheca occurred with 
the Gtossopteris, I do not think any one can read the paper without understanding 
that the association of these two plants in the same beds is distinctly implied, 
and not only is it said that the Olossopteris occurs in beds below those containing 
carboniferous fossils, but Mr. Clarke expressly states " no Olossopteris has been 
found in Victoria, Queensland, Western Australia, or in New South Wales, except 
in association with beds containing fossils of palsBozoic age,"' and this same 
statement has since been repeated even more emphatically by Mr. Daintree.* 
Again, in another paper,' Mr. Clarke mentions that a plant found by Leichhardt 
in a bed "in the midst of, and far below," others with lower carboniferous 
animal forms, was afterwards found to be a PhyllotJieca. In the face of all this 
evidence is it correct to write of the genus Phyllotheca as a proof of mesozoic 
age, or to quote it as a type peculiar to mesozoic strata ? • 

As regards Sphenophyllum, the distinctions between the Damuda 8. speciosum 
(or S. trizygia) and the palaeozoic species may be of great importance, but still 
the fact remains that, except in Damuda rocks, the genus is only known from 
palfeozoic strata. Surely Dr. Feistmantel does not mean to argue that the peculiar 
form is mesozoic because it occurs in Damuda rocks, and Damuda rocks are 
mesozoic because they contain the peculiar form of Sphenophyllum ? Yet in what 
other manner can the genus be quoted as evidence of mesozoic age ? 



> " Mines and Mineral Statistics, " section No. 1, opposite p. 206 and p. 166, " Tbe Greta beds 
are not the uppermost with marine fossils, but beds with them lie farther to the cast, in which Phyllo- 
theca has occurred at Harper's Hill." See also the notes by Mr. Wilkinson, 1. c, p. 132. These 
are quoted in p. 139 of this paper. 

« Vol. XXIII, p. 11. 

» Q. J. G. S., 1866, Vol. XXIII, p. 10. 

* Q. J. G. S., 1872, Vol. XXVllI, p. 288. 

* Q. J. G. 8., 1861, Vol. XVII, p. 862. 

« Sec also J. A. S. B. 1876, Vol. XLV, pt. 2, p. 347. 
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The nineteen didindly mesoxoic Dcwnuda forms, — I have disposed of two out of 
the nineteen "distinctly mesozoic forms" in tlie Damndas, Sphenopkyllwm specioswifi, 
or trizygia apparently not being included in the number.^ The beds containing 
Neuropteris validct^ VoUzia, Alhertia, and Olossozcmiites, as I will show presently, 
must be separated from the tme Damudas. The other mesozoic Damuda types 
comprise Alethopteris Lindleyana, allied, it is true, to some European mesozoic 
forms, but equally close to A. Australis from the Newcastle beds of Australia or 
their representatives in Tasmania ; Mdcrotceniopterisj two species, the affinities of 
which have already been shown not to be exclusively mesozoic : and Gangamopteris^ 
three species, classed as mesozoic on account of the occurrence of the geous in cer- 
tain beds in Victoria (Australia), the assumption as to the age of which beds depends 
entirely upon the same evidence — ^fossil plants — as has been shown to be fallacious 
in New South Wales. One species of Gangamopterl^, too, is common to the beds 
of Victoria, and to those of Newcastle (New South Wales), always classed by 
Mr. Clarke as palaeozoic. It is quite possible that the Victoria beds may be 
mesozoic,^ but there is no evidence that they are newer than the Hawkesbury and 
Wyanamatta beds of New South Wales, and the animal remains in the latter 
exhibit palaeozoic affinities. It would be quite as just and reasonable to argue 
on this evidence that the Victoria beds are palsBozoic as it is to assume, as 
Dr. Eeistmantel does, that the Australian strata containing Vertehraria and 
Phyllotheca are mesozoic. It is evident that out of the " nineteen distinctly 
mesozoic forms " only seven, viz,, Schizoneura Gondwanensis, Actinopteris BengaU 
ensis, Angiopteridimn sp., three species of Sagenopteris, and one of Noeggerathia haVe, 
when the Karharblbri plants are omitted, any claim to the title, and of these, none, 
except the Schizoneura, can be said to be sufficiently known for their affinities 
to be clearly ascertained, nor, with the same exception, do any of the plants 
named belong to characteristic forms. Actinopteris is a common living genus, 
Gagenopteris is close to Glossopteris, and although it is highly probable that the 
European and American palaeozoic Noeggerathia differ from the Damuda types, 
the latter are allied to Australian forms, and none are sufficiently well understood 
for their relations to be unmistakable. I fully grant that in arguing thus I 
am raising minor objections, but my object is to point out that the evidence is 
strained by Dr. Eeistmantel, and that any one arguing on the other side, and 
using the same siyle of reasoning, could produce at least as good proof in favour 
of coming to a diametrically opposite conclusion. 

The asserted absence of anvmuls in upper Australian coal-measures, — These 
remarks tend to become so lengthy, that I can only notice one or two other points 
before proceeding to the second part of my subject. Dr. FeistmanteFs classifica- 
tion of the Australian coal-bearing rocks' into Upper and Lower differs entirely 
from that adopted by Mr. Clarke and other Australian geologists, and the remark 
appended to tiie whole of the upper beds, including the Wyanamatta, Hawkes- 



* Bee. G. S. I., Vol. IX, p. 121. 

"^ See p. 142. 

' Rec G. S. I., Vol IX, p. 123. The subject will be fouod more fuUj treated further on, p. 137 

p 
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bury, and Newcastle groupB,' ** No animak,*' is of course a mistake, as is the 
statement on the next page, that the rocks of Bowenfels and Newcastle contain '* no 
animal fossils" (the italics are in the original). The fact that the animal 
fossils are fishes with palaaozoio affinities is omitted, and as it is impossible to 
suppose that Dr. Feistmantel was ignorant of this circnm stance, the omission 
affords a good instance of his habit^ to which I haye already referred, of 
suppressing all evidence opposed to his views, but I have no doubt the assertion 
that '* no animals are found in the beds" is an oversight, and that the author's 
intention was to write no marine animals. 

In the table, however, at p. 125, illustrating the relations between the beds in* 
Europe, India, and Australia, Dr. Feistmantel writes, under the heading of Goal- 
measures in Australia " (a) — Upper coal-m^aswreB .... Flora only, " It is im- 
possible to acquit Dr. Feistmantel of a mistake in a matter of &ct in this case. 

It is only to be regretted that in this, as in numerous other instances, 
Dr. Feistmantel has not been more careful in writing his papers and in reading 
the proofs, since mistakes of this kind are certain to mislead readersLwho depend 
upon the writer for their information on a little-known subject, and who are 
just as seriously deceived by an unintentional slip as by a deliberate misstatement. 
The error is due to oversight of course, but mistakes in such matters tend to 
HiTm'm'nli the Confidence we should otherwise feel in the writer's accuracy. 

ZeagophylliJbes ami Schizonewra. — In a footnote, p. 119, Dr. Feistmantel points 

out that neither the Australian Zeugophyllites nor Noeggerathia, is a Schizonewra^ 

referring at the same time to my having suggested that the Australian Noeggeror- 

this might be a ScJiisonetira, In other papers the same matter is referred to and 

in much stronger language.' The mistake is entirely Dr. Feistmantel's own. In 

his original paper in the '' Records " ' he wrote thus : — 

" The f owils defloribed as ZeusfopJ^Uiiet, Brgft from India by Brogniart (Prodrome, 121-176) 
and subsequently by Strzeleoki (* Physical Desoription o£ New South Wales, Ac/) seem to 
belong also to Schizotieura," 

And the same fossil is alternately called Noeggerathia and Zeugophyllites by 
different Australian geologists.* I am quite aware that Dr. Feistmantel, in a foot- 
note to his paper ^ on Baniganj plants, written after my paper was published, asserts 
that the words ** according to Dr. Oldham " have been omitted at the close of the 
above extract ; but Dr. Feistmantel is responsible for the omission, not I. The 
correction, too, should have been in the '' Records," and not in a footnote in the 

' The occurrence of a fish in the Wyanamatta and Hawkesbury beds is, in fact, mentioned in 
the next page. The pahBOzoic affinities of the species are, however, not noticed. 

« J. A. S. B., Vol. XLV, 1876, pt. 2, p. 345. " It is also incorrect to consider, as Mr. W. T. Blan- 
ford has done, the Australian Noeggerathia as P Schizoneura, the two latter genera being quite as 
distinct as the two ^rmer (Schigomemra and Zeugopglliiee) are from one another, and I think 
certainly that Mr. W. B. Clarke would be able to diatinguish a Noeggeraikia from a Sduzonemra, 
and vice versa** 

» Vol. IX, p. 69. 

^ Q. J. G. S., 1861, pp. 359. 360. In the kttcr page Mr. Cbrke himself speaks of Noeggera- 
thia (or Zeugoj}hgUii€s). 

» J. A. S. B., Vol. XLV, 1876, pt. 2, p. 346. 
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middle of a long paper, -wliicli nine-tenths of the readers of the *' Records *' in all 
probability never heard of. As the matter stands, Dr. Feistmantel charges me 
with his own blunder, precisely as he did in the matter of OangamopteriSf^ 
although he subsequently apologized for his remarks in the latter case.' 

Part II. 

The age of the Oonckodna groups* 

I. — TJhia (Koch) AKD Jabalpub. — I proceed to answer Dr. Peistmantel's notes 
on the age of some of the Gondw4na groups, and will commence, as he has done,^ 
with the uppermost, the Umia beds of Cutch (Kach or Kachh.) It is agreed that 
the Cffphalopoda of these Ibeds have uppermost Jurassic affinities, and that the 
plants, which are in strata overlying those containing the Cephalopoda, are 
reliited to English lower oolitic (middle Jurassic) forms, but it is urged by 
Dr. Feistmantel, in opposition to Dr. Waagen,* that " it is very possible that the 
full examination of the fauna may modify the stratigraphical relations as deduced 
from the Cephalopoda^^* and again,' " I may here remark that from a cursory inspec- 
tion I have made of the Kach collections, I do not think they will bear out the 
inferences based upon the Cephalopoda as to the Tithonian horizon of the upper 
members of the series.*' 

It iB as well to quote the first passage further. Dr. Feistmantel says — 

" There are certainly some moUusca that are g^erally of older age than Portlandian, passing 

into the higher heds of Kach. 

" a, — I may mention only from the Umia gronp (which contains the Portlandian Cephaiopoda) 

the very frequent occorrence of — 

** Oimiomifa V-seripia, which mostly occurs in middle Jurassic beds in Europe. 

" Attarie major. Sow., yery near with Atiarte maxima, Om., from middle Jura in Germany. 

" A Triffoma near Trigonia vam, Sharpe, from Jurassic beds on the Sunday river in South 

Africa. 
" A Ooniomffa scarcely different from Qoniomya ii^ta Ag., a middle Jurassic form — also 

related with Ooniomjfa rhombifera, Qoldf . from liassic strata. 
** A Trigonia very near to T. S0rMogiiy Hansm, from Enon on the Sunday river in South 

Africa. 
" Some 2Vt^o»MS allied with 2V. venirieoia in South Africa. 
" A portion of the lower jaw junction' of a Plenoiomnu which has mostly allied forms in the 

English lias — found near Borooria in the Umia group." 

I naturally feel some hesitation in disputing the opinions of the Palaeon- 
tologist of the Geological Survey on palsBontological questions, and especially 
on so very elementary a subject as the value of paUeontological evidence, but 
I must confess that» supposing even that the above were a correct statement 
of the affinities of the fossils named (and I shall show that it is not) ; supposing 

» Rec. O. S. I., Vol. IX. p. 122. 

« Rec. O. 8. 1., X, p. 76. 

» Rec. G. S. I., Vol. IX, p. 116. 

* Pal. Ind., Ser. IX, Vol. I, pp. 225, 233 ; 
» Rec. G. S. I., Vol. IX. p. 135. 

* Distal portion or symphysis of the mandible is meant, not, as might perhaps be supposed, the 
condyle. 
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that no relations to forms in higher beds have been omitted, and that the evidence 
is in no case one-sided, all I can say is that Dr. Feistmantel's ideas npon palson- 
tological evidence diSer widely from what I have always supposed to be the ac- 
cepted views of g^logists in general. I may be in error, but I should haTB 
thought that in upper Jurassic strata some species would certainly be found 
closely allied to middle and lower Jurassic forms, and that a few might be identical. 
I notice that all the species mentioned except the Plesiosaurus consist of Lamel- 
libranchiate bivalves (Pelecypoda), and that Dr. Waagen, whose opinion on the 
subject is probably not given without reason, has especially referred^ to alliances 
between some of the Umia Pelecypoda and those of the Portland beds, and 
I have always been under the impression that the selection of a few forms 
from amongst a large number as evidence of the affinities of a fauna is liable to 
mislead, and that the true relations are only to be determined by a comparison of 
the whole. From the Portland group itself, there would, I think, be no difficulty 
in selecting half a dozen species of moUusca allied to middle or lower Jurassic forms. 
Perhaps the value of the evidence adduced, assuming it to be correct, may be 
best shown by taking a parallel case. 

The cretaceous beds of Southern India comprise a group representative of the 
upper cretaceous rocks (white chalk with flints or Senonian) in Europe. In this 
Southern Indian group, that of Arialur, amongst other fossils, the following occur* — 

NomMum JBouchardianui, found in Europe in the gault (middle cretaceous), 
N. Clemeniitnu „ „ gault, 

AmmoniU$ VMedm „ „ neocomian and middle cretaceoua, 

A. Deceanentis "^ belonging to the group of maeroeephali and allied to European 
A. Arrialoorensis ) Jurassic forms, 

I\il^uraria tiUmgata {Foluta eUmgaUi^ lyOrb.) found in European middle cretaoeoof beds, 
Ceriihium trimonile „ gault, 

Suspira roiundata {Twrho rotundaius. Sow.) „ upper greenMOid, 

Zitiphimu Oeiniuautu „ Hippuritio liaiettone 

(Turonian]^ 

besides Ammonites Oardeni and Ev^ryealis giga/niea, found also in South African 
beds supposed to be of Cenomanian (upper greensand) age. These identifications, 
be it recollected, with the exception of the two m^icrocephali ammonites, are speci- 
fic ; they are not mere cases of related forms, as in the &iuna of the Umia beds, 
and the list might be considerably increased if every form allied to European 
middle or lower cretaceous species were quoted. Yet there cannot be the slight- 
est doubt that the fauna of the Arialtlir beds is typically upper cretaceous, taken 
as a whole. It is, I think, needless to adduce farther evidence to show of how 
little value the argument against the upper Jurassic age of the Umia beds would 
be, even if it were correct. 

But then comes the question — How far is this evidence correct P Three of the 
six moUusca mentioned are Trigonia allied to the South African forms IV. va% IV. 
Herzogi, and Tr. ventricoea, and Dr. Feistmantel, quite oonecUy I believe, points out' 



> L C p. 226. * Rac. O. S. I., Vol IZ, pw 116. 

j* Pal. Ind., Ser. I, HI, V. 
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that '' there is a great affinity of some of the fossils in the uppermost beds of 
Elach with forms from the South African strata on the SnndajB and Zwartkop 
riyers." He proceeds to show that these South African fossils were at first sup* 
posed by Kranss to be lower cretaceons ; subsequently they were classed by Bain as 
liassic, and finally by Sharpe and Tate as of the same age as the great oolite of 
England (middle Jurassic). Now, Dr. Feistmantel has, I think, overlooked some 
later information than that quoted by him. Tate^ is the last writer noticed, and 
he, like all previous observers, supposed the upper portion of the Uitenhage f onna- 
tion, from which the Jurassic fossils described came, to consist of a single group, 
although he noticed^ the occurrence of two cretaceous forms, a Hamdtes and a 
peculiar Grassatella allied to a neooomian species. 

In a paper " On some Points in South African Geology"* by Mr. G. W. Stow, 
published four years after the appearance of Mr. Tate's description of the fossils, 
it was shown that the Jurassic beds belonging to the Uitenhage formation on the 
Zwartkops and Sundays rivers comprised several different groups distinguished 
by their fossils.* The most important section is the following on the lower 
Sundays river : — 

POST-TBBTIABT. 
UprSS JXTBA88IC — 

1. Few and small Tri^onia, 

2. Zone of Tri^onia ventrieo$a and Tr, vam, with GervUUa deniata, Sxogyra 

imhrieata, &c. 
8. Few Samites and wood. 

4. Zone of Modiola (If. Baini) and S€miUit BeiUmnitet (B» Afrieanmt), Amcylo' 

* eera* (t), Tri^onia Ooldfuii, CrauateUa eompUcata, 
Stzata hidden. 

LOWXB J17BAB8IO— ' 

5. Aitarie Sertogi, Trigonia Heraogit Fleuromga luiraria. 

Before proceeding further, it is perhaps as weU to notice that, of all the TJmia 
species mentioned as having supposed middle or lower Jurassic affinities, the most 
important is Trigonia ventricosa^ because it and another TrigoniOj Tr. Smeeiy are 
amongst the conomonest and most characteristic fossils of the group, and because 
both forms are also found on the eastern coast of India in beds associated with 
others containing upper Gondw&na plant-fossils. Tr. ventrieota too, it should be 
remembered, is closely allied to the Indian middle cretaceous Tr, tvhercfuMfwa} 



1 Q. J. G. S. 1867, VoL XXUI, pp. 139, 164, 169, &c 

* 1. C p. 166. 

•Q. J. G. 9. 1871, XXVU. p. 497, 

^ See eepedall J L c, fig. 3, opposite p. 500. 

* The term ' lowei' is probably merely intended to signify that the beds named are inferior in 
position at the locality. The age of these beds cannot well be earlier than lower oolitic^ which la 
hj many geologists dasaed as middle Jurassic lias bdng lower jorassie. 

* PaL Ind, 8er. VI, pi. 815. In a footnote to the description of this shell. Dr. Stolieika 
points out that although some of the fossils associated with Tr. vM^rieoM^ and describod* together 
withthaftspedfls^aseretaoeoQslij KraiMB, an clearly Jurassic, othen appear to liATe crstaceoiis 
afinitiea. Dr. StoUoka wrote in 1871, before Mr. Stow's paper appeared. 
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For the moment, it will be as well to attend to Trigonia ventricosa and Tr. va/u 
alone. Both, these shells were found elsewhere in the district near Port Elizabeth 
in beds supposed to be at a lower horizon, but they are there comparatively rare 
and isolated,^ whereas in the uppermost bed on Sundays river they are so ex- 
tremely abundant as to be characteristic. The next bed below the Trigonia zone is 
very important, because it is the only one containing Hamites Africanui and the 
lowest with OrassateUa compltcaiOj both forms with distinct cretaceous affinities,' 
but another species peculiar to the bed is Belemniies Africamu, a near ally of B, 
(hantianuB ( B. Kimkotensis of Waagen) one of the most typical fossils of the 
Katrol group of Cutch, and ranging into the bottom beds of the IJmia group. 
At the same time amongst the remaining fossils in the Modiola and Hcurmtes Zone 
on the Sundays river one is identified with Trigonia Ooldfusi,^ a lower oolite 
(middle Jurassic) fossil, and Modiola Bairn is also related to a great oolite species^ 
but the Modiola and MytUi are by no means characteristic forms, and cretaceous 
or even later allies might easily be indicated. In another stratum on the Upper 
Sundays river,* together with Modiola Bairn and apparently on the same 
horizon, AnvmonUes svbamceps is found, and this form is but dubiously separable 
from A. amceps of the lower Ch&ri beds in Cutch and Callovian of Europe. It is 
thus evident that there is too large a representation of middle Jurassic fossils to 
justify the reference of the HamUes bed to neocomian, but still there can be no 
question of its occupying a very high Jurassic horizon, and the zone of Trigonia 
ventricosa and Tr. vau is even higher. 

Trigonia Berzogi, in the section on Lower Sundays river, was only found at a 
considerably lower horizon than Tr. ventricosa, but on Upper Sundays river it was 
found in a bed overlying the Modiola zone and apparently, according to 
Mr. Stow, as high in the series as the Tr. ventricosa band. 

OervUla dentaia of the Hamite bed on Sundays river is apparently identical 
with a species found in the Umia group. If not identical, the forms are very 
closely allied. 

A comparison of Mr. Lydekker's remarks* on the fragment of a Plesiosaurus 
mandible from the Umia beds, will show that Dr. Feistmantel orerrates the 
importance of the occurrence. Plesiosawrus ranges from lias to cretaceous, and 
the occurrence of more numerous species in the former is due to the preservation 
of many specimens at one fitvoured locaHly. As the mandibles of the upper 
oolitic and cretaceous forms are not known, the fragment from the Umia beds 
was at first compared to a liassic species, but it subsequently proved to be distinct. 

The specimens attributed to Ooniomya V.-scripta 1 am unable to find in the 
Survey collections. It is possible that there may be some mistake about the 
identification, and I have reasons for believing Uiat the fossils at first supposed 



> 1. 0., p. 502. 

« See Tate : Q. J. G. S., 1867, vol XXIII, pp. 150, 160, 166. 

' This species, howerer, in South Africa appears to pass up into beds of probably cretaceoos 
age. Stow : 1. c., pp. 513, 514, 
* Stow : I. c, p. 603. 
« Bee. G. S. I., vol. IX., p. 164 ; vol. X., p. 41. 



PART 1.] Blanford: Pcdaontologiccd RehUioM of the Gondwdna Sj/stem, 119 

by Dr. Feistmantel to lepreeent the Qoniomya belong to Trigonia vom. The only 
Goniomya I can discover certainly resembles O. mflaJta^ bat the specimens are not 
very good. This species and AgtaHe major are in fact, so iax as I can see, the 
only forms mentioned by Dr. Feistmantel which really indicate an alliance be- 
tween the Umia fanna and that of middle Jurassic beds. 

It is scarcely necessary to point out how very strongly the evidence of the 
Tfigomm confirms Dr. Waagen's views of the upper Jurassic affinities of the 
Umia group ; as the O^halopoda of the group are confined to the lowest beds, 
it is quite possible that the upper portion, containing the plants, may be of 
wealden or even neocomian age. The only marine fossil known to be found 
above the plant-beds is Tr, Smeei (I am not sure whether Tr, ventricosa accompanies 
it or not) and there is no reason why this species should not range into lower 
cretaceous. This position would quite accord with the circumstances of the Umia 
group being immediately succeeded by strata with upper neocomian Ce^hcdopoda, 
if the former pass up into the latter. It is not> however, clear from Dr. Stoliczka's 
notes whether this is the case or not. 

Of course all that has been said as to the impossibility of determining 
the horizon of beds from the affinities of a very small percentage of selected 
fossils is equally applicable to Dr. Feistmanters remarks on the Katrol and 
Ch4ri beds.' Is the occuirenoe of a single middle Jurassic Monotis in the Katrol 
group, and of a liassic species of the same genus in the Ch^ri beds of any weight 
when compared with the mass of evidence afforded by the oephaJopod fauna ?' 
In the sub-divisions of the Ghiri group alone there are thirty-nine Cephalopoda^ 
either identical with European species, or so closely allied that Dr. Waagen, who is 
not addicted to uniting species, does not separate them. We are actually asked 
to doubt this evidence on the strength of a single species of Monotis, It would be 
as reasonable to suppose the Ch4ri group cretaceous because it contains two 
Terehratula, which have been referred to the cretaceous species T. sella and 
T. biplicata. 

Again as to Parasuehus, the identification of the Maleri flora with that of 
Jabalpur was hazardous, to say the leasts but whether the identification was 
correct, or whether, as now appears probable, the Maleri beds are older than the 
Jabalpur group, either they are not triassic, or Dr. Feistmanters own identi- 
fication of them is wrong. Why then, in order to make out the Cutch beds 
older, does he write ^ of *^ Fa/rasuchtis, a vertebra of that Crocodilian fossil which 
is looked upon as Triassic, and which occurs frequently with the Jabalpur flora 
near Maleri, which latter is identical with our Kach flora." Mr. Lydekker^ has 
since shewn that the generic identity of the Cutch and Maleri fossils is uncertain. 

Before concluding these remarks on the Cutch beds there is one more point 
to which I have to take exception, and that is the classing together of the Umia 



* Rec. G. S. I., vol. VL, p. 116. 

* Fal ln<L, Ser., vol. IX, pp. 226-230. 

* Roc. O. S. I., vol. IX., p. 116. See also Pal. Ind., Scr. II, pt. 2, p. 57. 

* Rec. G. 8. I., vol, X, p. 35. 
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and Katrol groups of Cnicli, without, so far as I can see, any sufficient eridence 
being produced in justification of the change. 

In the introduction ^ to the description of the flora of the OolapilH beds 
(BAjmah&l) referring to Trigonia veniricosa and to its occurrence in some beds at 
Innaparazpilli near Goconada, Dr. Feistmantel writes, '' The same form occurs in 
the upper beds (Umia and Katrol)," and a few lines further on, '' As now the upper 
beds in Kach, with that Trigonia, are called Umia and Katrol (both being thus 
joined by the most common fossils), these Trigonia beds near Innaparazpili may 
be taken to represent both these groups in Elach. " On the next page^ the 
Sriparmatur and Bagavapuram beds are said to be oyerlaid by Katrol and Umia 
deposits, and in a table showing the supposed relations of yarious upper Oond- 
wina groups, the higher beds in Gutch (Kach) are classed together as IJmia- 
Katrol. There are, I may add, several points of correlation in this table which 
are, to say the least, open to question. 

Trigonia ventricosa may be found in the Katrol group, although I can find no 
previous mention of its occurrence, but it is certainly not common, and it is mis- 
leading to say that the Umia and Katrol groups '' are joined by the most conmion 
fossils." Altogether, forty-five species of Oephalopoda have been found in the 
two subdivisions of the Katrol group and ten in the Umia, and of these only one, 
Belemniies Kwikotensis, is common ' to the two, another being indicated as doubt- 
fully identical.* So far as I am aware, too, the characteristic bivalves of the 
Umia group do not occur in the Katrol beds. I think Dr. Feistmantel may have 
expressed himself ill, and that what he really means is that the plant-remains of 
the two groups are similar, but it is scarcely correct to speak of these as the 
most conmion fossils, for they are rarer than marine fossils in the Umia group, 
and in the whole Katrol subdivision they have hitherto only been detected in one 

locality. 

Kota-Malebi beds. — On these I have very little to say. They were at first 
classed by Dr. Feistmantel as Jabalpur beds ^ on account of the occurrence of two 
Jabalpur species of Conifers, Palissya JahaVpwrensis and AravcariJtes Gvtckensis, and 
a supposed lower portion was 6eparated and considered equivalent to the B4jma- 
hil group' on account of the occurrence of Falissya oonferta and Ghirol&pis 
Muensteri. This view was adopted at first by Mr. Hughes and Mr. King on the 
evidence of the plants. It is instructive, and it affords an example of the risk of 
placing too much dependence on fossil-plants, to find that the discovery of additional 
species in the Kota-Maleri beds has shown that the rocks contain a mixture of 

* Pal. Ind., Ser. II, pt 8, p. 164. 

* 1. c, p. 165. 

* PaL Ind., Ser. IX, p. 4. At p. 282, however, Dr. Waagen saya that not a single spedei 
pMiee from the Katrol into the Umia group. The doubtful identification is B. elavi^ier. 

* L c, p. 7. 

» Bee. a. S. L, VoL IX, pp. 86, 184-186. 

* Bee. G. 8. L. L c, PaL Ind., Ser. II., pp. 67» 165^ 190. See aUo Mr. King, Bee. G. 8. I., 
VoL X, p. 61, &c Subsequently Dr. Fdstmantel modified his statements about the absolute sspare- 
tion of the groups in the Gondwioa region, Bee. G. S. I., X, p. 29| but the mischief was done. 
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Jabalpnr and B&jmaMl formsy and that the separation of the beds with E&jmah41 
fossils is untenable. 

In two or three cases the reptilian fossils of the Kota-Maleri beds are quoted 
by Dr. Feistmantel as liassic. Thus, in one instance^ he writes, " Remains of 
LepidoUu and of Hyperoda^edon have also been f onnd in the Geratodus beds indicat- 
ing the same liassic formation;" and again,' ''In the Wardha field . . . the same 
flora (Jabalpnr) is associated with liassic terrestrial animals.'' The only liassic 
forms are fish ; the sole animal of probably terrestrial habits hitherto described' is 
Hffperodapedon, which in Europe is exdnsiyely triassic, and the affinities of both 
Piiraiuchus* and Oeraiodua are nnmistakeably triassic. It is, in fact, the association 
of characteristically triassic types with equally marked liassic genera in the same 
group of rocks which adds so greatly to the interest of the Kota-Maleri beds,' 
and the circumstance that these remains are clearly insufficient to enable the 
geological age of the beds to be accurately determined shows how cautious we 
should be in attaching weight to the far less characteristic plant evidence. 

BAJMAHi^L OROUP. — In proceeding to the lUjmaMl flora I should, perhaps, 
commence by saying that Dr. Feistmantel may possibly be correct in considering 
it liassic,. but I think he fails to prove his case, and I cannot but believe that the 
emphatic assertion and re-assertion that the flora is liassic, on every page of the 
" PalflBontoIogia Indica," ' from title to colophon, is a mistake. I think the argu- 
ments in &vour of the flora of the Umia group of Cutch being middle Jurassic 
are certainly stronger than the instances brought forward to prove the liassic 
affinities of the B4jmah41s, and yet' the apparent connexion in the first in- 
stance is misleading. 

I shall not attempt to go into the question of the B4jmah4I flora in detail. 
I simply take Dr. Feistmantel's own data, as fully given in the " Palaeontologia 
Indica," * and I find that fifteen species are said to be closely allied to rhastic fossil 

> Rec. G. S. I., VoL IX, p. 135. 

* Pal. Ind., Ser. II, p. 56. 

* Q. J. G. S., Vol. XXV, 1869, p. 138. It may be thought that I am descending into 
trifling details, and that it ib nnfair to quote what may, after all, be misprints. I can only say 
that I am merely taking a few instances of mistakes almost at random, and I conid give many 
more. Whether liassic is a misprint for triassic, or whether the mistake is due to carelessness, 
the effect is the same. I should probably have omitted the paragraph but for finding the following 
statement made by Dr. Fdstmantel about the Kota-Maleri fossils in the last number of the 
"PtdsBontologia Indica" containing the description of the Jabalpnr Flora, Ser. XI, pt. 2, p. 102-22, 
" We know, for instance, that Byperodapedom in England is a Triassic Dinosaurian, and so is 
Beladtm in Germany." 

I regret having to call attention to such mistakes, but it is not fair to the other members of the 
Survey, who have been mercilessly criticised by Dr. Feistmantel, that errors like this should be left 
unnoticed. It must be remembered that Dr^ Feistmantel has always had proofs of his papers, and 
consequently is fully responsible for any errors in them. 

* Q. J. Q. 8., VoL XXXI. 1876, p. 430, &a 

« Rec. G. S. I., Vol. IX. p. 84.— Pal. Ind. Ser. IV, pt. 2. p. 17. 

* Ser. n, pts. 2, 3 ; see also Bee. G. S. I.. Vols. IX, X, passim. 
' Rec. G. S. I., VoL IX. p. 82. 

* Ser. II, pp. 143, 187, &c. 

Q 
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plants and only three to liassic, two ont of these three having equally dose 
rhsBtic afi&nities. Omitting these two, the rhsetic affinities of the B^jmah^l 
flora are shewn to be in proportion to the liassic affinities as thirteen to one, or in 
other words, the connection with the European lias is only one-thirteenth of the 
affinity to the rheetic. Not a single identical species is known with certainty to 
occur in either case,' the only suggested identification, that of Pterophyllum 
propinquumt heing, as Dr. Feistmantel himself notices, founded on a fragment too 
imperfect for accurate determination. 

It is perfectly true that besides the liassic and rhsBtic forms, there are shown 
to be four or fiye B&jmah41 species ' related to middle Jurassic (lower oolitic) 
plants, one being identical ; and this argument, which is indicated, though not so 
clearly as could be desired, in the 4th paragraph on p. 160, is the only one of any 
value urged. At the bottom of the page, however. Dr. Feistmantel says, *' We 
have, therefore, fossil plants which exhibit Liassic character, with some forma 
having their representatives in the Bhtetic." Everywhere, on page after page, the 
liassic relations of the flora are insisted upon, and it is only when, turning from 
assertions to facts, the reader commences to examine the relations of the plants 
in detail, he finds liassic affinities are scarcely shewn to exist. Of the style of 
argument adopted, I will quote only one instance. On one page ' the genus 
Falisaya is said to be known only from rhaatic strata ; on the opposite page, near 
the bottom, is the following line, " Conifera. Pcdissya tndicOy Fstm., indicating 
Has." 

The real fact^ so &r as I can judge from Dr. Feistmantel's data^ is that the 
Bajmah&l flora has very little similarity to any known fossil flora in Europe. 
There is a certain generic connexion with certain lower and middle mesosoic plants, 
but there is absolutely less similarity to the rather poor flora of the lias than there 
is to the rhsBtic or even to the oolitic flora. To label the flora as characteristically 
lias is, I think, a mistake, and will lead to error. 

It is so difficult to hunt out anything through Dr. Feistmantel's multifarious 
notes and descriptions, of which I trust I may be pardoned for saying that the 
arrangement might be .improved with advantage, that I may have overlooked 
some reference to the relations between the Bajmahil flora and that of the 
Uitenhage formation in South Africa, but I have not found any notice of this 
important fact^ The latter flora occurs in the Oeelhoutboom beds or wood bed 



'At p. 160 several liafsic plants are enunciated, AUthopUfia Whiibyefuii, Peeopterii 
Nehbanw, ThinnfMia rhomhoidalis, Ac,, and are said to have near analogies in the BAjmahfl group. 
Jn the " General tahle of the f ossU flora of the BijmahiQ gronp with relations and analogoas forms 
in other formations," pp. 143-148, and at p. 155 in the list of characterislic plant-remsins of the 
gronp and their age, it is shown in several instances that the affinities of the lUjmah&l species 
with rhsetic plants are closer than with the liassic forms suheeqnently mentioned. 

* SphsnopterU arguU^ Pterophyllum fiatum, Williamsomia sp., Arauoaritet maoropienu and 
perhaps EymenophylUlea Bunburyanut. 

• Pal. Ind., Ser. II, p. 154. 

'^Tate: Q. J. G. S. 1867, VoL XXIII, pp. 144, 169. &c. I think the connexion has heen 
briefly noticed by Dr. Feistmantel in the " Neues Jahrbach," bnt I am nnable to find the passage. 
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series, which underlie the rocks with upper and middle Jurassic fossils on Snn- 
dajs and Zwartkops riyeTS, and overlie the Enon conglomerate at the base of the 
Uitenhage formation, to which succeeds in descending order the Karoo series, 
classed bj Tate as triassic, but probably, in part at least, older. The following 
plants haye been described^ : — 

FiLICBB. 

Pecopterts Atherstonei^ both nearly allied to P. (Alethopteris) 

P. Rubidgei J Indica, a B6jmah&l form. 

P. Africana. 

Aspleniies (or Pecopteris) hhaJtOy a Bajmah41 species. 

Bphenopteris (mtipodum. 

Oyclopteria Jenkinsiana, 

Ctcadacsa. 

Palaoxamia (Otoxamiiea) recta, 
P. (PodozamUes) Morriii. 
P. Rubidgei, 
P.? Africana. 

COKIFERA. 

ArthrotaxUes (Uchtnostrolms) Indicus ? ' closely allied to a B4j- 
mah^l plant, if not identical. 

Lower Gondw/na. — Panchet oroup. — If the age of the Panchet group were 
determined by the plant fossils, there can be no question, on the strength of the 
evidence adduced by Dr. Feistmantel,' thaji these beds would have to be classed as 
rhiBtic. Of the four species identified, two are said to be European rhaotio 
forms, a third is closely allied to a rhsstic species, and the fourth, Schizoneura 
OimdwanefuiSf though most closely allied to a lower triassic species, belongs to a 
rha^tic genus. Now this evidence, so far as it goes, having regard only to the 
percentage of similar forms, and not to the total number of species, is stronger 
than that on which the Umia beds of Cutch were classed as lower oolitic, and 
the Damuda series as lower triassic, and incomparably superior to that which is 
said to distinguish the Bi4jmah41 flora as liassic. Why, therefore, does Dr. 
Feistmantel in this case class the Panchets as " representative of the highest 
trias (Keuper)*' ? 

The reason is not &r to seek. It has already been noticed that the relations 
of the B&jmah&l flora, so far as that flora has any real connexion with European 
fossil plants, is rhastic rather than Jurassic. But the Panchet flora is also rhetic. 
Now, between the Panchets and B&jmahils there is by far the widest break in the 

> 1. c. See alBO p. 148. 

* This species has been re-nuned by Dr. Feistmantel BojmdhdUntia, No valid reason, so far 
as I am aware, has been assigned for the change. 

* Bee* G. &• I., V6L \X, p. 65. Two forms of Oloitopieris have since been added, R c. 
G. 8. 1., Vol. X, p. 189, bnt they do not mnch affect the ai^gument^ as they are said to pass into 
higher beds. 
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whole 6ondw&na system, a break amply shown to exist both on palsontological 
groonds, and, which is of far greater importance, on geological evidence. With 
the Panchet beds the reign of ferns and Eqmsetacea appears to end, the flora of 
the upper beds (I am simply taking Dr. Feistmanters own data) consists yery 
largely of gynmosperms, ferns being relatiyely less nnmerous, although still 
abundant. The geological break is unmistakeable. In the coal-fields of the Damuda 
valley, the Panchets, together with the underlying groups, were upheaved and 
disturbed before the intrusion of the trap dykes believed, on good evidence, 
to be of B&jmah^l age. Now, to admit that the beds above, and those below 
this huge break, both belong to one of the smallest groups of the European series 
would be tantamount to confessing the fact that fossil plants are worthless for the 
determination of minor diyisions, consequently the upper beds are pushed up 
into the lias with which they have little or no connexion, and the lower groups 
fitted into one of the established grooves in the trias with* which they are equally 
unconnected. I quite admit the temptation, to every one who is fond of order and 
who prefers certainty to doubt, to adopt this plan of pigeon-holing strata, if I 
may so term the process ; it is neat and compact, and it has only one objection, 
which is, that it is radically false and unscientific. That the affinities of the 
Panchet fauna and flora are, on the whole, triassic, is not new, and the only additional 
evidence obtained of late years, such as the further examination of the reptilian 
fauna of South Africa,^ and the classification of the Labyrmthodonti<iy^ whilst by 
no means conflicting with the original opinion that the Panchet beds might be 
lower mesozoic or upper palaBozoic, is a warning against an attempt at correlating 
these Indian formations too closely with the European sub-divisions. To define 
the relations of the Panchet group by substituting Keuper for trias is, I believe, 
a retrograde step in the ^ present position of our knowledge ; the gain is merely a 
change in names, not in acquaintance with facts, and the nomenclature is more 
likely to need subsequent correction. 

Damuda series : Mdngli &6(29.— Before entering into the question of the rela- 
tions of the Damuda flora, I must devote a few words to the M&ngli beds. I 
believe that Dr. Feistmantel's expressed opinions as to the relations of these beds 
are untenable. The question is partly palasontological, partly geological, and, 
as the first alone has been treated by Dr. Feistmantel, I shall deal ¥rith it before 
the other. The opinions from which I dissent will be found at length' in a 
'' Note on Estheria in the Oondw&na Formation," and I would beg any one who 
wishes fully to appreciate the importance of the facts I am about to state, before 
going farther, to read Dr. Feistmantel's remarks. He concludes that ''the 
Mdngli beds cannot belong to the Damuda series at all, and that they are rather 
to be considered as the uppermost continuation of the Panchet group." This 
opinion, it must be remembered, is opposed to my own ^ after I had examined the 



* Owen : Q. J. G. S., Vol. XXXII, p. 352, and Brit Mas. Cat., S. Af. Kept. 

* R«ptB. Brit. As. 1874, pp. 160., Ac. 

* Rec. G. S. I., Vol. X, p. 26. 

< Mem. G. S. I., Vol. IX, p. 826. 
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rocks, and to tliat of Mr. Hnglies, * althongli tlie latter was founded on a thorongb 
and exhaustive survey of the whole country. 

The plant evidence is very -slight, and I do not understand Dr. Feistmantel 
to attach much importance to it. The only recognizable fragments consist of two 
stems, and these are so poorly preserved that Sir C. Bunbury,^ who had, I believe, 
quite as good specimens as those examined by Dr. Feistmantel, was uncertain 
whether the one was a lycopod (Knorria) or a conifer, and whether the other 
should be referred to Stigmaria or to a fern. Dr. Feistmantel may be correct in 
saying that he is '* convinced " that the first is a conifer and belongs to Palissyay 
but it may fairly be questioned whether the suggested identification of such 
fragments with the rhsstic P. Braum is of any importance. The oth^r specimen 
Dr. Feistmantel says " is certainly a fern stem " and veiy similar to those de- 
scribed from the rhtetic beds in Bavaria. This may be quite correct^ but the value 
of the evidence is so small that it may safely be disregarded until very much 
more is known of fossil fern stems. As to the supposed Palissya, a stem, 
. which is not uncommon locally in the ironstone shales of the Damuda beds, 
has a striking resemblance to the M4ngli fossil; so far as I can judge (the 
question is one for a botanist, and my knowledge of the science is insufi&cient for 
my opinion to have any weight), the resemblance is as close as that of the 
Mi&ngli stem to PaMssya Bravm, As, moreover, it has been shewn by Heer' that 
fragments of the Permian VoUzia Kungari/ca^ in which the leaves are preserved, 
but the leaf-scars (ZwpfeaC) are wanting, can scarcely be distinguished from the 
ihastio Palissya Brauni^ it may be doubted if the leaf-scars alone, all that is 
preserved in the M4ngli stems, are sufficient for specific identification. The 
plant evidence, from such fragments, may be safely dismissed as worthless. 

The animals of the M&ngli beds are of more importance. They consist of 
Estheria and a Labyrinthodont, Brachyops laiiceps. Of the former Dr. Feist- 
mantel says* — 



M 
M 



M 



There are certainly two forms, a larger and a snuiller one — 

a.—Ssiheria Man^alietuis, Jones This is the larger form, which Mr. 

Jones described flnt from M&igli ... On some specimens Sf Mangalietma is 
only represented, while on some others it is mixed with the other smaller form, and 
still, on some others, this latter only is predominant. 
" Jones gave several figures which all indicate the larger form E. Mangalietuis J. As to the 
age Mr. Jones considered these beds, for certain reasons, as Bhsetic, and now Professor 
Qeinitz describes the eame species from beds of the same age in South America. 

b.'-^Sstheria comp. minuia var. BrodietuM, Jones. This form was not described ; it is, how- 
ever, as frequent as the larger one. From the uze and form, and from the structure of 
the shell, they can safely be taken as very closely allied to Estheria minuta var. 
Brodieana, Jones, which, as Mr. Jones indicated so distinctly and exhaustively, is 
characteristic of the rhaetic beds." 
" This smaller form the M^gli beds have in common with the Panchet group." 



* Mem. G. S. I., Vol. XIII, p. 71. 

» Q. J. G. 8., Vol XVII, 1861, p. 340. 

' Verb. K. K. Geol. Reichsanst. Wien., No. 2, 1877, p. 48. 

* Rec G. 8. 1., Vol. X, p. 27. 
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The following extract^ from Professor Bxipert Jones' own paper ''on Fossil 
Estlierise and their Distribution" will show whether the smaller form was or was 
not described :— 

" 7. EttherXa Manffaliensit, Jonos. At Mangali in Central India, about sixty miles south of 
Nagpnr, the Rev. Messrs. S. Hislop and B. Hunter discovered in 1868 a fossiliferoos, brick red, 
laminated sandstone^ which contains remuna of planto, of Ganoid fishes, and of Labyrinthodont 
reptiles {Braehyops laticepg, Owen.) and wide-spread, thin layers of Sttkerue, These, tkatigk 
of various sizes tmd somewhat differeni outUmes, are aU referable to one species, conditions of 
growth being sufficient^ in my opinion, to acoonnt for all the seeming varieties. This Estheria 
(2?. Mangaliensis) is not without close alliances (so far as the carapace is concerned) to other 
species, fossil and recent, as is generally the case; Imt ii gives no direet evidence as io its 
geological horiion 

* • • . . Another locality for Sstherim in Indian strata of approximately the same age 
has been f omid by Mr. W. T. BUnf ord near Pacheet in Bengal. Dr. T. Oldham kindly sent 
me a sample of this Estherian shale ; but I cannot say more than that this Sstheria seems to he 
the same as the smaller specimens from Mamgali," 

I haye distinguished three sentences with italics, and it is quite nnneoessaiy 
to show how completely they disprove Dr. Feistmantel's supposition that the 
smaller form was not described, and that Prof esssor Bnpert Jones considered the 
beds rhsetic. Dr. Feistmantel was probably not acquainted with Professor Bnpert 
Jones' paper in the '' Quarterly Journal, " but in the monograph of Estheria 
published by the Paleeontographical Society, and quoted by Dr. Feistmantel, the 
dimensions of several specimens of E. Mcmgaliensis are given, varying in their 
longest diameter from less than j| to -^ of an inch, and instead of there being 
on the plates " several figures, which all indicate the larger form, " of the five 
views of the whole carapace, one only, fig. 16, represents the larger form, three 
fignres, 21, 22, and 23 represent the smaller form, and one figure, 20, is inters 
mediate in size. All these figures are on the same scale, being magnified six 
diameters, so that the distinction is manifest at a glance. 

I ought to add that both Mr. Hislop ' and I * f eU into the error of supposing 
that two species of Estheria occurred at M6ngli, before Professor Rupert Jones' 
description was published, and I find that I repeated the suggestion that there 
were more than one in a later paper.* It is only fair to myself to say that the 
last paper was not originally intended for publication, and that it was printed 
in my absence. Moreover, the subject was only mentioned incidentally in a 
brief geological description of the locality, and I did not, like Dr. Feistmantel, 
attempt to discuss the relations of the species. 

I do not think there can be any question that the Estheria examined by 
both Professor Rupert Jones and Dr. Feistmantel were identical. Both had 
some of the original specimens obtained by Mr. Hislop ; and those collected by 



» Q. J. G. 8., 1868, Vol. XIX, p. 149. 
> Pal. Soc., Foss. Esth., H. II. 
« Jonr. Bombay Br. R. A. 6., Vol. VI, pp. 201, 208. 
« Hem. a. 8. L, VoL III, p. 184. 

A Bee G. 8. I., Vol. I, p. 6& The words were "£stherias (of two species apparently) 
abound." 
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myself, and now in the Snrvey collection, came, I believe, from tlie same quarry. 
These Estheria are extremely abundant at the spot» and both the larger and 
smaller forms are found in profusion. 

Of course, I do not mean for a moment to assert that Professor Rupert Jones 
is in&llible. He may be wrong, and Dr. Feistmantel maybe right. But consider- 
ing that there is scarcely any constant dilEerence in size or form between Estheria 
minvia var. Brodieana, and the smaller variety of E. MangdHensiSf and that the 
only essential distinction appears to be in the microscopical structure of the 
carapace, I am myself disposed to think it more probable that Professor Rupert 
Jones was right in the identification of the small M&ngli Estheria, because he 
had studied the whole genus, and figured the various forms with their microscopical 
structure, whilst Dr. Feistmantel had only a few forms for comparison, and has 
omitted all mention of microscopical structure, which, I believe, he has not 
examined with anything more powerful than a pocket lens. 

The statement that *' Mr. Jones considered these beds, for certain reasons, as 
rhsBtic " may be compared with the extract from Mr. Jones' own paper. It is 
true that he suggested that the beds might be triassic or rhaetic, but the state- 
ment was never made in the unqualified manner in which it is quoted.' Mr. 
Hislop, certainly, in his last letters,^ as quoted by Dr. Feistmantel, expressed an 
opinion that the M&ngli beds " lie above the coal strata, " and in one sense he was 
right, for the E14mthi beds, to which, as I will show presently, the M4ngli beds 
clearly belong, are higher than the Bar&kars, the coal-bearing group of the 
Central Provinces, but in the very same sentence he writes of the Korh4di shales, 
which are Talchir beds, and consequently at the base of the whole Oondwina 
system, being also above the IJmret coal (Barticar). It is scarcely fair to 
Mr. Hislop, and it is most unfair to Mr. Hughes, to quote the views of the former, 
expressed before any thorough examination of the country had been made, in 
opposition to those of Mr. Hughes, who has mapped the whole district closely. 

With regard to Brachiojps hiicepsy Dr. Feistmantel is quite correct in saying 
that Labyrinthodonts occur in the European Keuper, and, he might have added, 
in the rhsetic and Jurassic also. The nearest allies of Brachiops ' are Micropholis 
Stami from the Beaufort beds of the Elaroo series in South Africa, Bhinoscmrue 
Jasikovii from the Russian oolite and Bothriceps Australia from unknown rocks 
in Australia. The first named is more closely allied than the others, and it occurs 
in the same beds with the Bicynodontia, Theriodontia and other South African 
fossil reptiles. The connexion is of small value as an indication of age, but 
important as showing the relations of the Indian Oondw&na fauna with the 
ancient life of South Africa and Australia. 



1 At p. 81 of the monograph Professor Jones certainly says that he ventures still to regard 
these heds as belonging to the rhsetic formation, bnt in the table shewing dlstribntion opposite 
p. 114^ referring to the species classed as rhetic, he writes, ** The adoption of this stage for the 
SMeria from India and America is merely provisional; they may be triassic." 

• Q. J. G. S., VoL XX, 1864. p. 282. 

• Q. J. G. S., 1859, p. 642.— Bepts. Brit. As. 1874^ pp. 160, 160. 
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The Edheriafrom Kawarsa. — Having thus far treated the purely paladonto- 
logical affinities of the M4ngli beds, I will, before proceeding to the geological 
argument, advert to the Kawarsa Estheria, After a few notes on the Edheria 
from the Panchets, which Dr. Feistmantel says " is certainly identical with the 
smaller form of Estheria in the M4ngli beds, mentioned as Estheria miwiUa^ var. 
Brodieanoy Jon.," ^ he proceeds to discuss the occurrence of apparently the same 
cmstaoean at Kawarsa. The following are extracts from the account given ' : — 

" The Kawarsa beds occur near the southern * mar^n of the basin, and Mr. Hnghes speaks of 
them as several hundred feet from the base of the series. They have yielded some broken plant- 
remains and Estheria. 

a. — ^An EquUetaeeouM stalk, pretty distinct ; it belongs to that group of forms which gener- 
ally are termed PhyUotheea. ....... 

b, — A fragment of an oblongly lanceolate leaflet, with marked ribs, which might belong to 

Schittmeura, Schimp. 
e.— Some broken specimens of QlottopUrit occur very rarely in comparison with those so 
richly represented leaves at Nagpur, and elsewhere in the Damudas ; and I have no 
doubt that these beds, near Kawarsa, are younger than all the real Damudas, including 
the Kimthi Baniganj group. 
" To this indication now is to be added the occurrence of Estketia, which is certainly identical 
with that in the Panchet group, the state of preservation and the size and f orm^ being identical ; 
and is therefore to be considered as very likely Ettheria minuia var. Brodieana icfo, 

** From the occurrence of the EMtheria, an animal fossil which is stiU so frequent in the 
M^gli beds and in the Panchet group, and from the scarcity of plants altogether * and from the 
state of the rock, it would, I think, follow that the locality at Kawarsa is scarcely to be considered 
as representative of any group of the real Damuda beds, the fossils of which are everywhere so 
different from those both of the MAngli and the Kawarsa beds P " 

Contrast with the last passage and with the above list of plants the following 
list' of the same plants from Kawarsa as supplied by Dr. Feistmantel himself to 
Mr. Hughes, and published by the latter : — 

" 1. PhyUotheea Indiea, Bunb. Established by Bunbury as an Indian type. It is one of 
the Equisetaeea of the genus Calamiies (Suckow) and reminds one of Catamites 

* Dr. Feistmantel adds, " I compared specimens from both localities, and I could not find any 
difference." This had been done before by Professor Bupert Jones (Q, J. G. S., Vol. XIX, p. 149), 
Mr. Hislop (Jour. Bom. Br. B. A. S., Vol. VI, p. 201) and myself (Mem. Q. 8. 1., Vol. Ill, p. 134^ 
with the same result, but, as was pointed out by Professor Jones, the condition of the Panchet 
species is such as to prevent the identification from being certain. 

« Bee. G. 8. 1., VoL X, p. 28. 

* South.west margin would be more correct. 

^ The value of size and form in determining species of Ettheria will have been seen from the 
details already given as to the differences between E. Mangaliensit and E, minuta var. Brodieana. 
I do not understand how the " state of preservation" in fossils can be employed as a means of 
identification. 

^ This is another argument which could not be used by any one having a knowledge of the 
rocks in the field, for the Kimthi group is remarkable for the paucity of organic remains. Surely, 
too, Mr. Hughes and I, who examined the beds at Kawarsa, are better qualified- to judge of the 
" state of the rock" and its bearing upon the relations of the beds than Dr. Feistmantel is from the 
examination of half a dozen cabinet specimens derived from a single bed. 

* Mem. G. S. I., Vol. XIII, p. 70. 
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aretMceutt Jager. It might perhaps be conBidered as only the stalk of Sehitoneura 
Schimp. 

2. 8chizoneur€i, Schimp. fragments. 

3. &lo8sopterU ludica, Schimp. (Glotsopteris Sroumiana, var. Indie€t, Bgt.), a piece of a 

large leaf with large reticulations. 
"4. QlotsopterU Brovmiana, vwc. AugtraUttica, "BgL Some smaller leaves than the above 
may be deteimined as being of this species." 

Surety the species qnoted are well known and characteristic Damuda fossils, 
but even if the specific identity be not certainly determined, what can be the 
meaning of the statement that the fossils of ''the real Damuda beds are every- 
where so different " from those of the Kawarsa beds ? All of the species named 
are fonnd either in the typical K&mthi beds near Nagpnr, or in the Damnda 
rocks of Bengal. 

In another paper Dr. Feistmantel writes thus,^ adverting to the occurrence of 
Ohssopteris fronds in a fragmentary condition amongst the Panchet beds— 

" This manner of preservation resembles that in the Kawarsa beds of the. Chanda district, 
where GlostopterU occurs also in a very fragmentary state, and again associated with Bttheria 
(the form as in the Panchets and in the M^gli beds). In my note on the Bttheria beds in India 
I have already jiointed this out, and I repeat again that the Kawarsa beds very likely are on the 
horizon of the Panchets in Bengal. 

This can only mean that the fragmentary occurrence of Olossopteris fronds 
indicates contemporaneous deposition ! Fragments of leaves are the rule in aU 
plant-bearing formations, so far as my experience goes, but no collector brings 
them away when he can obtain more perfect specimens. 

The value of the observation as to the rarity of occurrence of Olossopteris 
at Kawarsa will be best appreciated in connexion with the fact that Dr. Feist- 
mantel has never visited the locality and has seen only about half a dozen specimens . 

I am sorry to be obliged to expose in this manner the value of the arguments 
put forward, but leaving them without answer has already done mischief, and 
it is necessary to show the kind of data upon which Dr. Feistmantel bases his 
conclusions in this case. His reason for arguing that the Kawarsa beds are not 
Damudas are probably the following. Learning that Dr. Geinitz had found an 
Estheria, apparently identical with E. MangaliensiSf in some beds said to be of 
rhsstic age in America, Dr. Feistmantel appears to have concluded rather hastily 
that the Mangli beds were of the same age, and as this view received some support 
from Professor Rupert Jones' original remarks, it was accepted. The occurrence 
of the M&ngli Estheria vrith characteristically Damuda plants at Kawarsa was a 
difficulty, and hence the very curious arguments which were employed to make 
out that these Damuda plants prove that the beds in which they occur are 
not of Damuda age. Of course the circumstance that one form of the M4ngli 
Estheria occurs with Damuda plants about 30 miles away at Kawarsa is of vastly 
greater importance in determining the relations of the Mangli beds than the 
existence of the same Estheria with rhestic plants in South America. 



5 Rec. G. S. I.. Vol. X, p. 139. 
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There is one more point to notice. I cannot agree with Dr. Feistmanters opi- 
nion that " Estheria has hitherto been neglected in India in the discrimination of 
horizons, " ^ and I think this is a fair instance of the manner in which Dr. 
Feistmantel often writes of all who have preceded him. Whether he intends in 
this case to charge his colleagues and Mr. Hislop with neglect or not is not 
the point at issue. I do not accnse him of inteTUional injustice ; I simply question 
the accuracy of his statement. All the fossil species of Estheria hitherto found 
in India*haye been described and figured, and if this has not been done "in India" 
surely Anglo-Indians are not to be blamed because they send fossils for descrip- 
tion to competent naturalists in Europe. Every known discovery of Estheria in 
the Oondw&na beds, either by Mr. Hislop or the Survey, has been noticed in print, 
nor is there a single occurrence noted by Dr. Feistmantel which had not been 
previously recorded. Why, then, are we charged with neglect ? The evidence I 
have given above will enable any one to compare Dr. Feistmanters use of 
Estheria with the previous " neglect, " and to determine which course is most in 
accordance with scientific truth. 

Oeological evidence, — Thus far I have treated the question of the palaBontologi- 
cal relations of the Mangli beds, my object being to shew how untenable 
Dr. Feistmantel's views are. But it must not be forgotten that these views were 
opposed to Mr. Hughes' and my own, founded upon geological evidence. As my 
own examination of the rocks was only preliminary, I depend chiefly upon Mr. 
Hughes, who has examined the whole of the Wardha coal-field in detail. I have 
accepted Mr. Hughes' views when they differ from my own in the case of the 
Maleri beds, so it is not merely because our opinions coincide as to the M&ngli 
beds that I quote my colleague's determinations, but solely because he had fuller 
opportunities for coming to a decided conclusion. 

Mr. Hughes' * views as to the beds of M&ngli are, I think, perfectly clear. He 
does not express any doubt as to the position of the strata ; he places them amongst 
the typical Kdmthi beds, and estimates that they are about 700 feet above the 
base of the group. It is true that no higher beds than the M&ngli beds are seen 
in the immediate neighbourhood, because the Deccan traps rest unconformably 
on the Gondw&nas close by, but there are higher K/Lmthi beds elsewhere. A few 
pages farther ' the occurrence of red argillaceous shales, like those of Mangli, is noted 
north-east of Bal&r hill, near Wiin, and Mr. Hughes remarks that as they should 
not be more than 400 feet above the coal-measures, the horizon assigned to the 
M&ngli beds is probably not too low. This, of course, implies that the Mangli beds 
are probably the equivalents of those seen near Bal&r hill. Now, the Elawarsa and 
Punwat beds are nearly on the strike of these beds north-east of Bal&r hill, and 
therefore presumably on nearly the same horizon as the M4ngli beds, the rock con- 
taining Estheria at Punwat ^ resembling the M&ngli shale in mineral character. 
But above the beds at Kawarsa and Punwat are all the sandstones of Malargarh 
hill, which are characteristically K&mthi. There is no part of the Wardha field 



> Rec. G. S. I., Vol. X, p. 30. » L. c, p. 75. 

« Mem. G. S. I., Vol. XIII, p. 71. * L. c, p. 77. 
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in 'which the geology is clearer than in this ground, and there cannot, I think, be 
anj reasonable doubt that, so far from the Kawarsa beds being higher than the 
K4mthi8, they are clearly intercalated in the group, and are much nearer to the 
base than to the top. I have examined the ground more than once, and my prelimi- 
naiy map agrees with Mr. Hughes' finished survey. I cannot see how there can be 
any reasonable question that both the Kawarsa beds and the M4ngli beds are 
typical Kamthis. I am aware that this is not stated so emphatically and clearly 
by Mr. Hughes, but he could scarcely have anticipated that his opinioitis would 
be disputed in the publications of the Survey by one who had never seen the 
ground, and who depended upon such paleeontological arguments as those I have 
just exposed. 

Flora of the Damuda series. — I have already in the first part of this paper 
dealt at sufficient length with the evidence brought forward by Dr. Feistmantel 
to shew that the Damuda flora is characteristically mesozoic. That the generic 
relations of this flora are mesozoic rather than palaeozoic ; that there is an almost 
total want in the Damudas of the characteristic forms found in such abundance 
m the European coal-measures ; that L^idodetidrony Stffillaria and a host of other 
carboniferous iypes ar^ absent ; and that their place is taken by plants more nearly 
affined to mesozoic forms, have been admitted by everybody, but precisely the same 
is true of the flora intercalated with beds containing typical carboniferous marine 
fossils in Australia. The fact that the Damuda flora consists mainly of ferns and 
Equisetaceat and the very subordinate part played in these beds by cycads and 
conifers are palaeozoic characters, although they are quite insufficient alone to 
prove that the beds are palaeozoic. My object in the present instance, as in my 
last paper, is not to prove the Damudas palaeozoic, but to vindicate Dr. Oldham 
and bis colleagues of the Survey from Dr. FeistmanteFs attacks, and to show that 
their opinion, that the Damuda flora has little or no connexion with any known 
European fossil flora, and that the former is much more nearly related to the coal 
flora of Australia, is more correct than Dr. Feistmantel's. The estimate of the 
relations of the Damuda flora depends upon two distinct questions — 

1. Is the Damuda flora more nearly affined to any European fossil flora 

than it is to that found in certain Australian beds ? 

2. What are the relations, geological and palaeontological, of those Austra- 

lian beds? 

I have already stated the facts as they were known to me,' but I find I have 
omitted several items of importance in relation to the Australian beds. In con- 
sequence of these omissions, Dr. Feistmantel's reply appears stronger than it 
really is. 

I write under correction, and with a full sense that I am dealing with a sub- 
ject of which I am not a master, but merely a student, but still I think that the 
plan adopted by Dr. Feistmantel to prove the Damudas mesozoic involves a fatal 
error. From the whole of the Damuda flora he takes a plant here and a plant 
there, shows that it is related, now to a triassic, now to a rhaetic, now to a juras- 
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sic European species, axid then he points ont that the sum of these relations 
exceeds the connexion which exists between the Damnda flora and that found 
: i^.. \ M^^ralian beds. But the Australian flora with which comparison is made 
. rii :-■ v> one group of rocks and has been but imperfectly investigated; 
v] :lx( aizain^t the identifications and assimilations with this one poor assemblage 
of p  : I Ti ts, COD sisting of only about twenty fairly known species, there is urged eveiy 
possible coanection which can be detected between Damuda plants and those 
foand in • all the various widely exposed floras of Europe between cretaceous and 
permian. Even under these conditions, I doubt if Dr. Feistmantel has proved 
his case. That the Damuda flora has a mesozoic facies is no new discoveiy ; the 
fact has been admitted, I believe, by every writer on the subject, whatever his 
opinions as to the age of the beds, and the same is notoriously the case with the 
Australian Newcastle flora, but I do not think that either the age or homotaxis 
of a group of rocks can be determined by comparing the flora with several distinct 
assemblages of plants of varying age, so well as by showing the connexion with 
the species found in one defined group. 

EeUdions of Damvda flora to European trios and Australian beds respedvoeby,"-' 
To show the views I have to answer I make a few extracts from Dr. Feistmantel's 
later papers, those written since my own appeared — 

"The affinities of our Damnda flora with that of the mesozoic epoch and especially of the 
triassic fonnation are overwhelming. ^ 

" We have in all the special collections nnmistakeahle evidence for the supposition of M. 
Bnnbnry as to the mesozoic, and, as I add, triassic age of the Damnda flora. 

" Already in the old collections from Raniganj there were proofs enough !" * 

[ That is before the discovery of the Karharbari fossils. The remainder of 
the sentence has already been discussed.] 

"The Damnda flora exhibits itself quite decidedly as mesozoic and most naturally as of triassic 
age.» 

" We know that the Panchet group overlies immediately the Baniganj group, which itself is 
Lower Triassic.^ 

" I have also shown that the Damuda are Lower Triassic." ^ 

And in various tables showing the relations of the Qondwana groups to Euro- 
pean strata the Damuda series is always classed by Dr. Feistmantel in accordance 
with his original determination as the equivalent of the Bunter (lower trias).^ 

Some £!arharbdri plants are doubtless allied to Bunter species, and Dr. Feist- 
mantel was perfectly right in including these forms in the Damuda flora, because 



» Rec. G. S. I., Vol.IX, p. 117. 
« lb., p. 119. 
» lb., p. 121. 

* Rec. G. S. I., Vol. X, p. 28. 
» Pal. lud., Ser. II, 2, p. 160. 

• Rec. G. S. L, Vol. IX. p. 125; Pal. Ind., Ser. XI, p. 2; Geol. Mag. Dec. 2,111,1876, 
p. 481. Leon. Gein. Neues Jahrb. 1877« p. 159. 
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the Karharbari beds liad always been classed by the Survey as lower Damudas 
nntil the plant-remains were examined. I shall, however, show presently that the 
Karharbbri beds must be separated from the true Damudas. One of the extracts 
I have above quoted shows that Dr. Feistmantel considers that the relations of 
the Damuda flora to that of the European trias is well marked, independently of 
the Karharbari plants. 

It is as well here before turning to the connexion between the Damudas and 
the Australian rocks to recapitulate the succession in descending order of the 
New South Wales beds as given by Mr. Clarke and Mr. Wilkinson. ^ Dr. Feist- 
mantel's classification I will dispose of hereafter. The following is the succes- 
sion : — 

1. Wyanamatta beds. 

2. Hawkcsbory beds. 

3. Upper coal measares, or Newcastle, WoUongoiur, and Bowenfels series. 
• 4. Lower coal measures associated with marine beds. 

5. Lepidodendron beds (Devonian). 

Dr. Feistmantel in the paper to which I am especially replying admits a cer- 
tain connection between the Damuda flora and that of the upper coal measures 
of Australia. Yet he writes — ^in this case referring to the upper coal measures 
No.3— 

" Thus it seems that the evidence of a connection with the Australian coal measures is very 
weak, while the fossils enumerated as common with European Trias are unmistakeably identical." 

It is only fair to say that the most of Dr. Feistmantel's remarks on the dissi- 
milarity of the Damuda and Australian floras refer to the lower coal measures of 
Australia, and to these I will proceed presently. I am however, I believe, stating 
his views fairly when I conclude that he considers the connexion between the 
Damuda flora and that of the European lower triassic rocks stronger than that 
which unites the Damudas with the upper coal measures of Australia. To show 
how far this view is tenable, I place in parallel columns (1) Dr. Feistmantel's 
own list of Damuda plants,' minus the Karharbari forms which are not known 
to occur in true Damuda rocks, (2) Schimper's list of Bunter (lower triassic) 
plants,^ and (3) the list of Australian species from the upper coal measures ob- 
tained by adding together the names given by McCoy, Morris, and Dana.^ 



^ Q. J. G. S., 1861, Vol. XV II, p. 868. " Mines and Mineral Statistics of New South 
Wales," Sydney, 1876, p. 12a 

* Rec. G. S. I., Vol. IX, p. 122. Only one species, VoUxia heterophyUa, has been shown to be 
specifically identical with a European plant. VoUiia aeuHfoUa is, I understand, a synonym of 
V, keterophylla, and the connexion in other spedes is merely generic. 

> Bee. G. S. I., Vol. IX, pp. 119-121, and subsequent additions. 

* Traite de Pal^ntologie Veg^tale, Vol. Ill, p. 646. 
« Q. J. G. S., 1861, p. 369. 
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BUNTER {Europe). 



DAMUDA. 



Equisetacex. 
EquUetum Mougeotii, 
E. Brogniarti. 
^Sckizoneura paradoxa. 



FiLICEB. 

Neuropteris grandifolium, 
N. Volizii. 
N. intermedium. 
N, elegant, 
FeeopUris SuUziana, 
Crematopterisiypiea, 
Anomopieris MougeotU* 
{Sphalopteris, M&ugeotii) 

stem. 
{Chelopterie Vogesia^) 

stem. 
(C. Voltzii) stem. 
(C micropenis) etem. 
{C^theopierie tessellata) 

stem* 
(Bathgpterie Lesangeana) 

stem. 
(Caulopterii ? Maraschi' 

niana) stem. 
(C. f Laliana) stem. 
(C Eestariana) Btem. 



CTCADKAC1E2. 

Pterophyllum Mogardi, 
Zamites Vogeeiaeut, 



Equisbtaces. 

*Sc1iizoneura Gondwanentis. 
Sphenophyllum epeciosum (v. 
trizygia). 
\Phyllotheca Indiea, 
'\Vertebraria Indiea, 

FiLICES. 

Aetinopteris Betigalensis, 
fSphenopterie polymorpka, 

8. (Dieksonia), sp. I 

fAlethopteris Lindleyana. 
t-4. conf. Whithgensie, 

A, phegopteroides, 

Taniopteris {Angiopieridivm), 

sp. 

T. {AfacroUeniopteris) dana- 
oides, 

T. (M.) Feddeni. 

Pal€BOvittaria Kurzi, 
\Olo88opteris Brovmiana, 
\G, Indiea, 
fG^. communis, 
\Q, angustifolia, 
\Q, leptoneura. 
fG, musafolia, 
fG, stricta, 
t(7. several other species. 

Sagenopteris pedunculata, 

8, polgphylla, 

Gangamopteris Whittgana, 

G, Sughesi, 

Belemnopteris Wood-Masoni- 
ana, 

CTOADBACEiB. 

fNoeggerathia Sislopi, . 

N* > sp. 

Pterophgllum Burdtcanense. 



NEWCASTLE BEDS (Aus^ 
tralia). 

AloaP 

(Anarthrocanna,) 
(Cystoserites.) 
(Confervites tenella,) 

Equisetacbjb. 

fPhgllotheca Australis, 

(P. ramosa.) 

(P. Mookeri,) 
fVeriebraria Australis, 



FlLICES. 

Sphenopteris lobijblia, 

'f8. alata, var. exilis, 

8, hastata, 
8. Germanic 

5. plumosa, 

8. JUxuosa, 
fAlethopteris Australis, 

Pecopteris ? odontopteroides, 

Otopteris ovata. 
"fGlossopteris Broumiana, 
fG. linearis, 
"fG, ampla, 
'\G, reticulum, 
t(T. elongata, 

G. cordata, 
'\Q, several other species. 

Gangamopteris (Cgclopteris) 
angustifolia. 



Ctcadeacbje. 

Noeggerathia {Zeugophgl- 
lites) elongata, 
^N, spatulata, 
i\r. media. 
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COKIFEBJS. 

(Palisiya f Bp.)> stem. 



CONIFEBA. 

Some undetermined forms. 



COKIFXSJS. 

Voltzia heierophjflla. 
{V. acutifblia). 
Alhertia latifolia, 
A, Brauni, 
A. elliptica, 
A. speeiosa, 
A. Sckaurothiana, 
Taxites? MdsiaUmgi. 
T? Vlcentinus, 

MONOCOTTLBDOKBS. 

Yuccites Vogesiacus, 
(Spirangium regulare — 

fruit only.) 
(Ethophgllum speciosum, 
^. stipulare. 
AS. Foetterleanum. 



In the al)oye lists names placed between parentheses may be neglected ; they 
are either too obscure for recognition, or synonymons, or else founded solely on 
parts of the plant, such as stems or the fruit alone, which cannot be fairly com- 
pared. Species representing each other in the Bunter and Damuda flora are marked 
with an asterisk (*), allied forms in the Damuda and Australian flora with a 
dagger (f)- It is possible that some of the Australian species of Sphenopteris and 
Olossopteris should have been omitted, as they are not sufficiently defined for their 
relations to be known,^ but I wish to place the whole evidence, so far as I am 
acquainted with it, before my readers. Doubtless, too, some species have been 
added to the Bunter flora since Schimper's work was published, and some recti- 
fications may have been introduced. 

The above lists, moreover, are not in all cases fairly comparable, the 
Bunter flora of Europe and the Damuda flora of India having been far better 
explored than that of Australia. Moreover, we may be sure that any point of 
resemblance, however slight, between the Bunter and the Damuda flora has 
been noticed by Dr. Feistmantel, whilst it is far from equally certain that the full 
connexion between the Damuda and Australian floras has been traced by an 
equally competent judge. I have classed all the species of Olossopteris in the 
Damnda series and the Newcastle beds, with one exception, as allied to each other, 
and I believe I am fully justified in doing so, but possibly one or two forms may 
not be so nearly related as I suppose. But in this subject I am ultra crepidam, I 
only take up a matter with which I have an imperfect acquaintance because it 
appears to me nn&kir to the Survey that only one side of an argument should be 
stated, and because, in self defence, I am bound to show that I really have stronger 
reasons for objecting to Dr. Feistmantel's views than he is willing to admit. 



^ I have omitted a form called Augtrella riffida, founded on what appears to me to be nothing 
but rootlets, perhaps of Vertebraria. Precisely similar bodies abound in Damuda beds, but are, of 
course, worthless for comparison. 
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I take the Bnnter flora for comparison because Dr. Feistmantel has repeatedly 
stated that the Damudas are of lower triassic age, but I maj add, that were I to 
give the lists of known plants from Kenper or rhsBtic, (the flora of the Mnschel- 
kalk is too poor for comparison,) the result would be the same. There are a few 
allied forms in each of these subdivisions,^ and probably there are more in the 
rhsBtic than in the trias. There are also certain Damuda forms such as Phyllo- 
theca IndiccLf SagenopteriSf Alethopteris Lindleycma and A, conf. Wkithyensis which 
are much closer to Jurassic European forms than to triassic, and it may be 
remembered that many European palsBontologists long classed the Damudas as 
oolitic. In short, so far from its being the fact that there is a distinct connexion 
between the Damuda flora and that found in European lower triassic rocks, the 
truth is really that there is not so strong a resemblance between Damuda and 
Bunter plants as there is between Damuda and Jurassic. On the other hand, I do 
not see how any one can look over the list given above without seeing the very 
marked similarity between the Damuda flora and that of the Newcastle beds in 
Australia. So marked is this, that even if the Karharbari forms be included in 
the Damuda flora as Dr. Feistmantel has done, it still appears to me that the 
former is more closely allied to the Australian than to the Bunter flora. 

The conclusion at which I arrive is, that instead of the evidence which connects 
the Damuda formation with the Australian carboniferous rocks being about equal 
to that between the Damudas and European trias, as I at first thought, the former 
connexion is more marked than the latter. 

The relations of the lower Australian beds, — I pass on to the second question. 
The third point on which, in Dr. Feistmantel's opinion, my conclusions were 
"rather premature*'^ related to the lower Australian coaJ strata, and, as he 
puts his thesis, "The analogy with the flora of the lower coaJ strata in 
Australia is comparatively weak*.' I do not think this is an answer to my 
argument, because I never insisted upon the affinity between the Damuda flora 
and that of the lower coal measures of Australia. What I did show was* that 
the connexion between the various groups of the coal-bearing series in Australia, 
from the Wyanamatta beds to the lower coal measures, (excluding, of course, 
the Lepidodendron beds,) was exactly the same as that on the strength of which 
Dr. Feistmantel had just argued that the whole of the lower Gondwdnas were 
triassic, and if the argument were applied to the Indian beds, it was equally 
valid in justifying the classification of all the Australian rocks below the Hawkes- 
bury beds (and I might even have included the Hawkesbury and Wyanamatta 

> The only Keaper plants which have any marked relations to Damuda species, so fur as I am 
aware, are some forms of Peeopteris or Alethopteris allied to A. Whitbyeneis, and Noeggerathia 
Vogetiaea (Macropterggium J^ronnii), the latter alone being of any importance. Perhaps there may 
be a slight similarity between some of the Kenper species of Pterophglium and P. Burdwai^ente. 
It should be remembered that only one specimen of Pterophglium Burdwanenge, and one of 
Noeggerathia cf . Vogeeiaca have yet been found in Damuda beds. 

« Rec. G. S. I., Vol. IX, p. 117. 

' And again, p. 121, "c What is the analogy of our Damuda series with the lower 
coal measures in Austraha V* 

* lb., p. 83. 



' No animals. 
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beds) as carboniferous. I then shewed the connexion between the flora of the 
upper and lower coal measTires in Australia taken together, and that of the 

Damnda beds. 

The above would really be a reply to all that is stated in the sentence above 
quoted. Dr. Feistmantel has not answered me. He has merely traversed an 
argument which differs materially from that I used. But in the course of his 
remarks he enters into the real question at issue and makes several atements 
which, if correct, would have some weight as opposed to my opinion. I shall, 
therefore, shew how far these statements are in accordance with the &<^ made 
known by various Australian geologists. 

I have already twice had to refer to Dr. FeistmanteFs classification of the 
Australian rocks. Here it is* — 

I ^ ^, "^T^"^ • \ Without New South Wale.. 
Qaeensland, Victoria. ) 

I ClareDce river. 

Upper coal measures. •{ Wyanamatta beds. 

I Hawkesbury beds. 

Bowenfels. 

l^ Upper beds in Newcastle. 

f Beds with marine plants intercalated with plant-beds. Especially 

Lower coal measures. •? Stony Creek, Rix. Ck., Greta, Mnt. Wingen, Ac. 

I Again marine beds. 

{Smith Creek. ) Lower carboniferous plants with carboniferous 

Fort Stef ens. | animals. 

Devonian. Goonoo-goonoo. Plant-remainB only. 

This Dr. Feistmantel states* is " the succession of the several strata of the 
Australian coal formation, as Mr. Clarke communicated it to me in a late paper, 
and as it is to be foundin his * Bemarks.' " It is to be regretted that Dr. Feist- 
mantel has not given a reference to the Rev. Mr. Clarke's paper, because there 
is, so far as I can see, nothing in the " remarks" which can be quoted to justify 
the classification adopted, and the union of the Wyanamatta, Hawkesbury and 
Newcastle beds into one subdivision as upper coal measures, and their separation 
from the lower coal measures are so entirely opposed to all that Mr. Clarke has 
written on the subject, that it is to be hoped Dr. Feistmantel will either publish 
Mr. Clarke's own words, or admit Aat he has arranged the section to suit his 
own views. The beds in Tasmania, Queensland, Ac., have nothing to do with the 
main question and only tend to distract attention from the typical sequence 
in New South Wales. In the printed paper of Mr. Clarke's,' to which we have 
all hitherto referred for the classification of the Australian (New South Wales) 
plant-bearing rocks, they are thus arrranged — 



1. Wyanamatta beds. 

2. Hawkesbury rocks. 



3. Coal seams of Newcastle, Ao. 

4. Lower carboniferous rocks. 



> Rec. G. S. I., Vol. IX, p. 123. * l c. 

» Q. J. Q. S., 1661, Vol. XVII, pp. 857, 368> &c. 
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The last being the "culm" and "Devonian" beds of Dr. Feistmonters series, 
with which I have no present concern. No. 3 includes both the npper beds in 
Newcastle and Dr. Feistmantel's " lower coal measnres." In the " Remarks" * the 
Lepidodendron beds are noticed under the heading of Middle Palaeozoic, all the 
coal measures of Newcastle are classed in the upper PalsBozoic, together with 
the "lower coal measures" of Dr. Feistmontel, while the Wyanamatta and 
Hawkesburj beds are treated apart from the others under the heading of Me- 
sozoic or Secondary Formations. Take the following extracts * from the " Notes 
on the Upper Palaeozoic Beds" and compare them with Dr. Feistmantel's classifi- 
cation : — 

** As far as some of the plants are concerned, it may be admitted that tbey are in an misatif- 
factory condition at present ; but the balance in favour of a carboniferous age for the QlottopUris 
beds is, to my mind, conclusive." 

The Olossopteris beds iuclude both the upper (Newcastle) coal measures and 
the lower coal seams with marine bands. Again* — 

** So far, then, the question about the age of some of the Australian coal must be considered 
as settled ; and if , as in Illawarra, the coal beds overlie the marine beds, as they do also in the 
Fingal district of Tasmania, it would appear that all these •separate occurrences belong to one 
thick series, in which marine beds and fresh-water beds interpolate each other. But assuredly 
in that case the arrangement adopted must express the order as follows : — 

1. Upper coal measures. I " 8. Lower coal measures. 

2. Upper marine beds. | " 4. Lower marine beds." * 



« 
« 



I cannot see how Mr. Clarke can be quoted to justify the removal of the 
upper coal measures from the paleaozoic series in the face of such evidence as 
this. I beg to call attention to the fact that Dr. Feistmantel always gives his 
own version of Mr. Clarke's views, whereas I quote Mr. Clarke's published words. 

Mr. Clarke may have changed his views (I have no reason to believe he has) ; 
he may, like myself, have been guided by Dr. Feistmantel's statement* that 
there is a radical difference between the flora of the upper (Newcastle, Bowen- 
fels) and lower (Stony Creek, &c.) coal measures in Australia. I accepted 
Dr. Feistmantel's opinion as that of an expert, and was immediately quoted by 
him as evidence,' part of my sentence quoted by him being omitted so as to 

.* 

> Mines and Mineral Statistics of New South Wales, &€*, Sydney, 1876, pp. 161... 191. 

« Clarke, 1. c, p. 17a 

» lb., p. 179. 

^ Mr. C. S. Wilkinson, the Qovemment Qeologist, writes thus in the same work, page 128»— 
" The several divisions of the upper palieosoic series have been named after the localities where 
tbey are found to be most typically developed. In descending order they are as follows : — 

" Wyanamatta series. 
Hawkesbury series. 

Upper coal measures of Newcastle, Wol- 
longong and Bowenfels series. 

Rec. G. S. I., Vol. IX, pp. 70, 71, 121, &c. 
« I said, Rec. G. S. I., Vol. IX, p. 83, " Nos. 8 and 4 appear to be connected by the presence 
of Qlostopieris Browniana in both, although, /^om specimens which Dr> Feisimanfel has thovm 






** Upper marine beds. 
** howtv coal measures. 
** Lower marine beds. 
** Lepidodendron beds." 
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make it appear that my opinion was founded on my own observations, and not 
on his. I very greatly regret to say that further experience of Dr. Feistmantel's 
statements has produced a sceptical spirit, especially when they are in opposition 
to the evidence of other observers, and I now refuse to admit there is any im- 
portant distinction between the flora of the upper and lower Australian coal 
measures until Dr. Feistmantel produces evidence instead of assertions. I think 
it probable Mr. Clarke wiU show equal caution. When Dr. Feistmanters evidence 
appears, it will remain to be seen how far he has established his thesis. If I 
appear to be harsh in my judgment, I would refer to the facts I have already 
pointed out as to the evidence on the strength of which Dr. Feistmantel has over 
and over again asserted that the Bijmahil flora is liassic, and to his statements 
about the MingU beds and the LamellibranchiaJba of the IJmia group. 

The original evidence, as to the connection between the upper (Newcastle) 
coal measures and the lower beds of Stony Creek was, that below *' grits and con- 
glomerates full of Pachydomif Sjpiriferi, OrthoceratiteSy large GonulariiBy Asterida, 

^c, a bed of shale was reached in which are impressions of Noeggerathia (or 

Z&ugophyllites)f Olossopteris (or Sagenojpteris) and other plants, such as Gyclopterisy 
that look as much like Jurassic as any that are so called."' In the " Transactions 
of the Boyal Society of Victoria, Vol. VI" (I have not access to the original « at 
present), sections were given by Mr. Clarke from Stony Creek showing the occur- 
rence of OhssopterUy PhyUotheca and Noeggerathia in the beds below those con- 
taining the marine fossils. Take, again, the following extract from the notes by 
Mr. E. C. Wilkinson, G^ovemment Geologist^:— 

"The collection of fossils from near West MaiUand, Greta and Anvil Creek includes Spirifera 
Conularia, Inocerami, Product€B, FsnestelUs, Bellerophon, crinoidal stems, &c., obtidned from 
the npper marine beds 850 feet above the Anvil Creek coal seam, from which seam I collected 
the specimens now shown, containing the Phyllotheea and OloMSopteris BraiDniana, Immedi- 
ately below this coal are the lower marine beds represented by the specimens of Spirifera, 
Conularia, Bellerophon, Pachydomus, Orthoeerat, Suomphalus, Fenestella, a new species of 
Starfish, Cheetetes radtant, &e,, from Stony Creek, Harper's Hill, Uavensfield, and Singleton. 
This snite of fossils is especially interesting, as showing not only the range through, the coal series of 
the QlosMOpteris and PhpllothecH, plants so abundant in the upper coal measures of WoUongong; 
Lithgow Valley and Newcastle, but also the association of those plants ^ith the marine fauna 
of the lower coal measures, thus affording evidence, agreeing with that of the previously mcn- 
tionod fishes, as to the upper paleozoic age of the New South Wales coal measures " 

In the same work, " Mines and Mineral Statistics of New South Wales," severed 
detailed sections are given. In section No. 1, p. 206, bed No. 5 in descending 
order contains " large fossils, Fenedella, Inocera/mus, Govmlourta^ &c. ; " No. 19 is 
said to be *' full of OlossopteriSf Phyllotheca, and leaves of f Noeggerathia; '' No. 24 

(misprinted shewed) to me there appears to be a considerable distinction in the flora." Dr. Feist* 
mantel quoted this paragraph (Records, Vol. IX, p. 122), but omitted the words in italics, thus 
making the statement appear to rest on my authority instead of on his own. This, moreover, wiui 
emphasized by the concluding portion of the sentence being placed in italics. 

• Q. J. G. S., 1861, Vol. XVII, p. 360. . 

* The volume is wanting in the Survey library. 
^ Mines and Mineral Statistics, p. 132. 
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is said to be " full of large Olossopteris fronds, Ac, same as bed No. 12." Again, at 
p. 226, in a section of some coal seams and the accompanying shales. The upper- 
most bed, a coarse conglomerate, is said to be '* full of palseozoic fossil fauna, 
Conularia, Orthoceras, Froducta, Spirifera, Inocerami, Grinoidea^ ^c->" whilst 6 feet 
lower down is *' shale full of Olossopteris^ Phyllotheea and Noeggeratkia.'* 

So far, then, we have evidence of four species of plants in the '* lower coal 
measures." These species are — 

L — Olouopteris Browniana, admitted by all to be indenticBl with the speciea from 

the upper coal measures. 
2,— Phyllotheea. 
8. — Noeggerathi€L 
4. — Taniopterit near T, Eekairdi (this is inserted on Dr. Feistmantel's aathoritj). 

Now, where is the evidence that the plants called Phyllotheea and Noeggerathia 
from the lower beds are distinct from those in the upper ? I have already quoted ' 
McCoy's identification of the Phyllotheea^ apparently from the lower beds of 
Queensland, with P. Augtralis^ the species found in the upper coal measures of 
Newcastle, he. Dr. Feistmantel's evidence as to the distinction of the lower coal 
measures' flora, so far as he has hitherto supplied any facts, amounts to this, that 
he has seen a Taniopteris from the lower beds which he has not seen from the 
upper. He may have more evidence, but that produced is certainly not sufficient 
to justify the rejection of the opinions given by Australian geologists. 

The rest of the evidence brought forward by Dr. Feistmantel need not detain 
us long. He says (1 am obliged to re-quote part of the paragraph) ' — 

"As to 8 and 4, of which the first are the upper coal measures of Newcastle, Mr. Blanford him- 
self sajs, ' Nos. 8 and 4 appear to be connected by the presence of Glonopteris BrowtUana in both,' 
although there appears to be a eoiuiderable distinetUm in the flora { and I would add. No. 8 does 
not contain any animals,^ while in No. 4 marine animals are found abundantly." 

And again ^ — 

" a. — The upper portion is marked by a flora, which is abundant. Nos. 1, 2, 8 of Mr. Blanford's 
list must be referred to this ; they contain no marine fossils to indicate a connection with the lower 
portion . 

" 5.~The lower coal measures are marked by two marine faunas of, as generaUy taken, a car- 
boniferous age, which separate distinctly these from the upper beds. The flora is, as both Mr. Clarke 
and Mr. Daintree state, only rare." * 

Now, this is one of those points on which my ideas are so diametrically opposed 
to Dr. Feistmanters that I can only suppose, either that our notions of elemen- 

> Ante^ p. 112. 

* Rec. G. S. I., Vol. IX, p. 122. 

' See footnote 6, anie, p. 188, for the original form of the sentence here quoted and the portion 
suppressed by Dr. Feistmantel. 

^ This is incorrect of course ; a fish has been obtuned from the bed. 

» 1. c, p. 12Jf. 

" No reference is given, and the statement is quite opposed to all the evidence; see the quota- 
tions from the sections in " Mines and Mineral Statistics" just given, where shales of the lower beds 
are said to be full of Oloesopleris, Phyllotheea and Noeggerathia, The section quoted (No. 1, oppo- 
site p. 206) is given by Mr. Clarke himself. 
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tary geological evidence are distinct, or else that Dr. Feistmantel does not mean 
what his words convey. It is snperfluons to point out that if distinction of age 
were proved by the presence or absence of marine fossils, the Olossopteris beds 
of the lower Australian coal measures must be of a different age from the f ossili- 
f erous marine beds with which they are intercalated, because no marine fossils are 
found in the beds containing the Olossopteris. If the lower plant-beds are not 
different in age from the marine fossilif erous rocks with which they are inter- 
stratified, neither can the upper coal measures be shown to be of distinct age 
from the lower on account of not containing marine fossils. 

I have one more extract to make. I hope that it will be understood that in these 
remarks I am merely taking a few instances from Dr. Feistmantel's papers ; I 
could easily add others. The extract is the following ^ : — 

" In the last publication, "Mines and Minenls of New South Wales," there is a supplementary 
report by Mr. John Mackenzie on the New South Wales coal fields, in which, on section 6,* is a 
sketch section from Newcastle to Port Booral, about thirty miles long. In this the difference in the 
fossil remains of the upper and lower portions of the coal measures is plunly indicated, and also 
that the upper portion and lower portion are, besides all the differences, slightly discordant." 

The fossil differences are, that in the lower portion several marine car- 
boniferous genera occur, and in the upper portion only plants, and that those 
plants do not include the genus Noeggerathia (the plant known by this name is, 
however, found elsewhere in the same beds) and do include some forms not found 
in the lower beds. PhyllotJieca and Glossopteris are quoted from both. So far 
good ; now about the discordance. I fear I shall have some difficulty in con- 
vincing my readers without showing them the book, but the truth is that all the 
evidence of stratigraphical relations in the figure quoted consists in coal seams 
being indicated in three distinct parts of the section, those to the right having 
a higher dip than those in the middle, and the latter again higher than those to 
the left. This is all ; there is not, so hx as I can see, the smallest indication of 
unconformity, which is, I presume, what is meant by the beds being said to be 
discordant, since it is the only way in which a distinction between the different 
groups could be shown in the section. How far Dr. Feistmantel is correct in 
supposing that the upper and lower coal measures are '* slightly discordant " may 
be judged by the following extracts from the work in which the section cited 
appears. 

Mr. Clarke himself says ' — 

" The fact that the coal beds overlie or interpolate the marine beds in what is called ' con- 
formable order ' ought to be considered a satisfactory conclusion that no break, such as ought to 
exist under other circumstances, does exisc. . . ." 

There can, I think, be no question that Mr. Clarke here refers to both upper 
and lower coal measures ; the sentence would be void of meaning otherwise, and 
in the previous sentence he refers to the occurrence of ganoid fishes, which 



> Rec. Q. S. I^ Vol. IX, p. 124. * Mines and Mineral Statistics, p. 196. 

* Evidently a misprint for teeiion 6, 
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have, so far as I know, only been f onnd in the upper coal measures and overlying 
groups. 

The next two quotations from the same work are from the reports by Mr. 
Wilkinson, the Government Geologist, and are perfectly clear. He says — * 

"The upper coal measures in the western district are ahont 480 feet thick, resting conformably 
on the marine beds of the lower coal measures. " 

And again*-— 

" These marine beds are conformable to the overlying plant-beds of the upper coal measares» 
but rest unconf ormably on the nptomed edges of Devonian strata. " 

Mr. Clarke, too, in a footnote, p. 170, quotes a report of Mr. Daintree's on the 
country between Newcastle and Stony Creek, in which the following passage 
occurs : — " Neither does there seem any reason why Mr. Clarke should not place 
the Newcastle coal seams (his No. 3, carboniferous group, )in the upper portion of 
this Stony Creek group, no known unconformity existing. " The Stony Creek 
group is, of course, the same as the " lower coal measures, " with marine fossils. 
Mr. Daintree's opinion is of importance, for he appears to have gone from 
Victoria to examine Mr. Clarke's sections, the accuracy of which was doubted by 
the South Australian geologists, and to have confirmed Mr. Clarke's views. 

These extracts are, I fear, tedious, but they are too important to be omitted, 
because they shew that Australian geologists do not admit the existence of any 
break between the upper and lower coal measures. 

The characteristically mesozoic Teeniopteris Datn^reet.— So far I have confined 
myself to the beds in New South Wales. As I stated at the outset, to mix up 
with them the beds of Tasmania, Queensland and Victoria tends to confuse. But 
as these latter beds are adduced' as evidence of mesozoic age, it is as well to ex- 
amine the proof. In the case of the Queensland beds, the age may at once be con- 
sidered as established on trustworthy evidence,' the plant layers with T^tmopteris 
and other forms being abovp strata containing Jurassic marine fossils, whilst the 
beds with Olossopteris occur at a lower horizon associated with Paleozoic mol- 
lusca, &c., and underlying the Jurassic deposits unconf ormably. Now, the upper 
Queensland beds^ are said to contain two species of plants which occur in other 
parts of Australia. One of these is Taniojpteris Daintreei,^ and the clue afforded 



' p. 180. » p. m. 

* Q. J. G. S., vol. XXVin, 1872, pp. 325, &c. 

 Rec. G. S. I., IX, pp. 123, 124. 

A The importance which Dr. Feistmantel attaches to this fossil is noteworthy. Thns, at p. 136 
he writes, " The same Phyllotheea AustralU, McCk)y, is also known from Victoria, together with 
Tanioptwrit Daintreeiy McCoy, which latter in Qneensland is considered as characteristic of the 
mesozoic (npper) coal beds." Again, p. 138, " McCoy described it {Qangamopieris) first from some 
rocks in Victoria, where no marine fossils occur, but where Taniopteria Vaintreei, McCoy, is found, 
which latter in Queensland is considered as characteristic of the mesozoic beds there. With these 
also Phyllotheca Atuiralis, McCoy, occurred in Victoria." Again, at the bottom of the same page, 
'* This QangamopieriM is in Victoria found in certainly mesozoic rocks, being associated with 
Taniopteris DaitUreei, McCoy, which is characteristic of mesozoic rocks in Queensland ;'' and finally 
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by this fossil to the determination of the age of the beds in Victoria, and the 
reflected light thns cast upon Indian rocks throngh Oangcumopteris angustifolia and 
Phyllothecay which are associated with Tamiopteris Davntreei in Victoria are fre» 
qnently noticed by Dr. Feistmantel. Tceniopteris Dainbreeii% also noticed as occnr- 
ring with Pecopteris Australis in Victoria, whilst in Tasmania Pecopteris Australis 
and Ohssopteris oocnr together.^ All this is qnoted from McCoy,' with one slight 
omission ; the specific name of the OlossopterU is not mentioned, although McCoy 
states that it is 0. Browniana, and as this is admitted to be a palfeozoic species^ 
its occnrrence with the Pecopteris would neutralize the importance of the TXeniop' 
teris in any case. 

But I cannot understand how Dr. Feistmantel overlooked another remark of 
Professor McCoy's on the next page, in which it is pointed out that the Queens- 
land specimen called Taniopteris Daintreei is probably different from that of 
Victoria. Here is the brief description of each form — 

*' Tmniopteru Daintreei, McCoy, from Victoria. * General eharaeter, — Frond, simple or 
pinnate, lon^, narrow with a thick gtrong midrib, from which the vdns extend nearly 
at right angles to the lateral edges, either once or twice forked or simple. 

'* Tteniopteria Daintreei, McCoy, apud Canmthers, from Queensland.^ Frond, simple (?), broad 
linear; midrib eomewhat thick ; veins leaving it at an acute on^te, then passing ontat 
right angles to the margin, once or twice dichotomonsly divided." 

I have italicised 'portions of the above, and I can only add that so far as I can, 
without any special botanical knowledge, give an opinion, it appears to me that, 
judging from the figures in the two works quoted, the two so-called Taniopteris 
Daintreei of Victoria and Queensland must be very well marked and distinct 
species. It is scarcely conceivable that they can be specifically identical. 

It is true that Pecopteris odontopteroides is said to be common to the Queens- 
land Jurassic strata and to the Wyanamatta and Newcastle beds of New South 
Wales. But Carruthers himself points out distinctions in shape between his 
figures of the Queensland form and Morris' representation of the New South 
Wales fern, although he believes both to belong to the same species.' As there is 
a strong probability that the Queensland and New South Wales beds are really of 
different age, it is to be hoped that this question will be re-investigated. 

The remainder of the evidence as to the fossil flora of Victoria tends to show 
that this flora cannot, in all probability, be much newer than the Newcastle beds 
of Australia. Phyllotheca and Qangwmopteris angustifolia occur in both. It 



'p. 143, "I mnst stUl once more state that the Australian Oangamopterie is from mesozoic strata in 
Victoria, together with Taniopterie Daintreei, McCoy." 
> Bee. G. S. I., voL IX, pp. 121, 122, 123. 

• Prodrome, Pal. Vict., Dec. II, pi. XIV. 
" Prodrome, Pkl. Vict. Dec II, p. 15. 

* Q. J. G. 8., Vol XXVIII, 1872, p. 866. 

^ This fern has been referred by Morris and Carmthers to Pecopteris, by McCoy to 
Oleiehenites, by Dr. Feistmantel to Thinnfeldia, and by a Belgian writer, Fr. Crapin, to Otopterie— 
Bull. Soc. Boy. Belg., vol. XXXIX, p. 268. Can all have examined the same fossil ? The flgnrcs 
appear to me to show considerable variation. 
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would, therefoze, be of some importance if the beds of Victoria were reallj con* 
nected with the Jurassic plant-beds of Queensland. As it is, there is really no 
evidence, except the plants, to show that the Victoria beds are mesozoic. 

Ganoid fish of Australian beds, — Before leaving the Australian beds I have to 
call attention to the very important evidence as to the age of the whole series in 
New South Wales, afforded by the remains of fish. I have already shown that 
Dr. Feistmantel is mistaken in saying that the upper coal measures of Australia 
contain no animals, and that he has himseK mentioned those ftTi iTn|>.]^ in another 
page. The known forms consist of ganoid fishes, and the following have been 
described and figured : — 

Palaoniscus antipodeus. From Wyanamattabeds. 

Chleithrolepis granulatus. Cockatoo beds between Wyanamatta and Hawkes- 

bury. 

Myriolepis Gla/rkei, 

Urosthenes Australis, Newcastle beds. 

The question of the relations of these fish has been thoroughly stated by Sir 
P. Egerton,' certainly one of the highest living authorities, and he concludes 
thus* — 



** With regard to the larger qnestion of geological period, there apppears to be anflSdent 
evidence to stanip these remains as belonging to the paleozoic age.'* 



He proceeds to give the range of the nearest allies in Europe, and to show that 
representatives of all the forms named are associated in the greatest numbers in 
permian strata (Kupferscheifer). It would be easy to quote authorities for the 
much greater importance to be attached to fish remains as evidence of age 
than to plants, all I have to do now is to point out that the evidence of 
the fish tends to place the whole of the New South Wales rocks from the 
Wyanamatta beds downwards in the pedieozoic epoch. It is quite true that 
in his later papers Mr. Clarke has classed the Wyanamatta and Hawkesbuiy 
beds as lower mesozoic, and probably he is right in doing so, but the plant 
evidence in favour of this view is of precisely the same nature as that on the 
strength of which Ghssopteris Browniana and its carboniferous associates were 
long classed as Jurassic. Probably the Wyanamatta and Hawkesbury beds are of 
the same age as some of the rocks in Victoria, and they may be approximately of 
triassic age, or they may be partly permian or intermediate between permian 
and trias, but their horizon is not ascertained with accuracy. 

Glossopteris beds tn South Africa, — ^There is another locality in the southern 
hemisphere, where, apparently, representatives of the Damuda formation may 
be traced. Dr. Feistmanters principal object being to trace the connexion 
between the Damuda plants and the mesozoic flora of Europe, he has alluded 
but briefly to the African rocks.' They are important because although very 



« Q. J. O. a, 1863, vol. XX, p. 1. 'p. 4. 

* Rec. G. 8. 1., Vol! IX, p. 71. 
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little is known of their flora^ the little that has-been ascertained indicates a very 
close connexion with that of Indian and Australian beds. 

The plants occor in the upper groups, the Stormberg and Beaufort beds of 
the Karoo series ; the latter being the principal Dicynodont beds, and containing 
the following species, which have been described by Mr. Tate ' : — 

Olossopteris Brovnwma (the specific identification may perhaps be questioned, 
but the species is doubtless closely allied). 

O, Sutherlcmdif a narrow form like 0, cmgugUfoUa and 0. leptoneura. 

Bidndgea Macka/yif very closely allied to the Damuda PaUeoviUaria, if not 
generically identical. 

Dietyopteris simplex ; this has been shown by Dr. FeistmanteP to be a 
Olossopteris allied to some Indian (Damuda) species. 

Some equisetaceous stems referred to Phylloth^ca^ 
There is here a remarkable similarity to the Damuda flora. Only ferns and 
Equisetac&f are known ; all the ferns belong to the simple-leaved forms so abund- 
ant in the Damuda beds, and three out of the five plants belong to Olossopteris. 
There is nothing approaching to this amount of similarity in any known European 
fossil flora, and the close connection between this ancient association of plants in 
Indian, South African and Australian strata tends strongly to support the idea 
of a former land connection between these countries, a probability which is 
strengthened in the case of South Africa, by the representation of certain B&j- 
mahal forms in the Jurassic Uitenhage series, and by close alliances between 
Jurassic and cretaceous marine fossils belonging in some cases, in all probability, 
to littoral forms. The relations of the Panchet Dicynodon and the M&ngli 
Brachyops to African forms are also worthy of notice. 

KarharbIbi oboup. — A few words are necessary as to the reasons for distinguish- 
ing this group. The coal-bearing rocks of the Karharbari coal field were 
originally classed as Bar&kar (Lower Damuda) by the Survey,* but after the 
fossils associated with the coal had been determined by Dr. Feistmantel,* the 



» Q. J. G. 8., 1867, p. 140. • Eec G. 8. 1., VoL IX. p. 78. 

* Besides theee Dr. Feistmantel notioet. Bee G. 8. 1., Vol. IX, page 73, the oocorrence of a speoiea 
probably belonging to Oan^amopterit, " deacribed by Mr. Tate, from the Karoo beds (triaaaic) in 
Sonth Africa as CyelopUris Jenkintiana** A reference to the original description (Q. J. G. 8., 
1867, VoL XXIII, p. 146) will show that Dr. Febtmantel is mistaken, as this plant was described from 
the higher Uitenhage series, classed as jnrassic, and not from the Karoo beds. I am, to some 
extent, responsible for the error, as I edited the paper, bnt I was not then aware of the amount 
of zevision reqaired by Dr. Feistmantel's papers. 

* Mem. G. S. L, Vol. VII, p. 209. 

* I regret to be obliged to call attention to the manner in which Dr. Feistmantel has repeat- 
edly mentioned the dates at which these and other fossils were discoyered (see especially Bee. 
6. S. I., Vol. IX, p. 119 ; GeoL Mag. 1876, p. 489, footnote 12), in order to cast discredit upon myself 
and others, and to cause it to be believed that these pUmts were kno?ni at a time when I had stated 
that they were un^scovered. Dr. Feistmantel has omitted to state that the fossils mentioned had 
been packed away in drawers and boxes, and with, I believe, one exception, had not been identified 
by any one. Of the exception no notice had appeared in print; the specimen had not been 
exhibited, and its existence was not known to the Survey generally. 
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occurrence in great abundance of certain fbrm^, sndi as VoUzia and Neuropteris, 
which had never been noticed in triie Damnda rocks, made me sospeot that thera 
must be some distinction in the beds, and^iSiis TierffTwas^strraigtibeiied bj further 
examination of the flora. In July last Mr! Hiiglies and I paid a shor^ yisit to 
Karharbari, and by the assistance of M^. Whit%; Superiiitendent of the East 
Indian Railway Co.'s colHeries, we were enabled to see much of the ground^ in a 
short time. We came to the conclusion that there Wais an important distinction 
between the Karharbari coal and that of l^e Damuda series (both Baiticar and 
Baniganj), the laminated structure so pecidiariy characteristio of Damuda coal 
being almost absent in the Karharb&ri seams, and, moreover, the conglomeratic 
beds associated with the Karharb&ri' strata oontiEuned subangular fragments, 
whereas the Bar4kar pebble beds contain usually none but well-rounded pebbles. 
The topmost beds in the little field had rather the aspect of Bar&kars, and some 
indications, appeared to suggest that these beds overlapped the Karharb&ri group 
linconformably, but this was not by any means dearly deteimined. Still, con- 
sidering the great similarity between all th^ coal-beating beds, the distinctions 
noticed all tended to bear out the separation' of i^e group first suggested by the 
fossils. 

The following is a list of the fossil plants determined by Dr. Feistmantel : ^ 

Equisetjlcejb — 

Vertebrarla Indica, very rare. 
Schizoneura sp*, near Equuietum Meriani, 

FlUCBS — 

Neuropteris valida. 

Gangamopteris cyclopteroideM , 

G. angustifolia, and two other speciei of Oangamopteru. 

Glosgopteris deeipiens. 

G. communii, 

Sagenopterit Stoliezkana. 

Cycadbacb-k — 

Glossozatnites Stoliezkana. 
Noeggeraihia {Zamia 7) Hitlopi. var. 
A'. {Z. f), sp. 
A peculiar genus, unnamed. 

CoKIFEBiB — 

Yoltzia heterophylla, 
Albertia, sp. 

If this flora be compared with that of the Damuda series quoted at page 134, a 
very marked difEerence will be noted, a difference nearly, if not quite, as marked 
as that which divides the Damudas from the Panchets, and which is considered 
by Dr. Feistmantel to justify tiie olassification of the former as Bunter, and of 
the latter as Keuper. Out of four fairly recognised plants in the Panohet beds, 
one is a Damuda form, but it is the commonest and best preserved of the Panehet 
species. Of the sixteen species above mentioned only three are known to he 
found also in the Damudas, vix\, Olossopteris communis, Vertebrana Iniica and 
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Noeggeraihia Hishpi ; of theee, Vertebraaria is veiy rare and the Noeggeraihia differs 
■from the Damuda form, whilst the commonest plants of the Karharb&ri strata, 
Oangamopteris oyclopt^roides and Neuropteris validuj are unknown in the Damuda 
series. Moreover, although the Talchirs are, as a rule, unfossiliferous, a few 
.remains of plants have occasionally been found in them, and all hitherto found 
have ]been -Karharbari species. It appears, therefore, clear that on paJsBontological 
/grounds the Karharbari beds -must be separated from the Damudas and classed 
•with. the Talchirs, aiid thatjbhis distinction is confirmed by differences in mineral 
character between the Damuda and E^arharbari beds. Thus, the lower Gond* 
.wanas of Bengal <;onsist of three iifell^efined sub^diyisions, Panchet, Damuda 
and TaJchir, each with a jdistinct flora. I should add that Mr. Hughes, who has 
more experience of the Gondw4na beds, and especially of the lower Oondwanas, 
than any other officer of ;the Oeological Survey of India, (Concurs in the distinc- 
tion of the Karharbari be^a from the Damudas. 

There can, at the same time, be no question that there is a distinct and very 
niarked connexion betw^n the flora just cited, and that found in the Bunter 
groi^p of Surope. Tbe connexion is, on tthe whole, not so great as that which 
exists between the plants. of the Damuda series and those of the Australian coal 
mc^ures ; but still, if VqUxia heterophylla be correctly determined, and I see no 
reason for doubting the identification, one characteristic Bunter plant is present in 
the Karharbiun beds, and two otherE^arharb&ri forms, Neuropteris valida and the 
AXbertia^ appear to be clps^y allied to the Bunter species. The connexion with the 
coal measures of AustraUa (I^ewcastle . and Stony Greek) beds is . not, on the 
whole, so strong as in the.Danuxdas, although Oan^o^op^em angudifolia^ is a 
.species foujpud in the Newcastle group, aod the Vertebraria^ Ohssopteris and 
JiTocy^^era^A are closely aUjed to Australian coal measure forms, so that altogether 
there is quite as good reason., on the evidence of the flora for connecting the 
Karharbari beds. by homote^ with the Australian beds, classed as palseozoic 
by the most competent 4jistralian geologists, as with the Ipwer trias of Europe. 
In the E[arharb&ri beds, too, as in all other Oondw&na plant-bearing beds, there 
are relations to several different European formations. Thus EguUetwn Mericmi 
to which a Karharb&ri plant is :S^ to be nearly allied is i^per trias^ic (Keuper), 
, Bckgenopteris ia npper triassic, rhsatic and Jurassic, being apparently best developed 
in the oolites ; OlQ$$o»emHfi8. is not. known below the lias. 

It is ui^ged bj ^' Eeisti^antel* that the. triassic and mesozoic affudties of the 
KarharbM. plants, bfilpii^gipg^toithe lowest known flora of the Gondw&na system, 
iend..to ahow that the. J^avharbiLri beds are *' triassic or at least mesozoic," and he 
poijataput thabeafing^^^-^^ fact upon the .age, of i<)iQ overlying Damudas. So 



V.This . cinnu90Saace.WA^;Bot ii<#ced by,]>r. FelitDiaxitel,.JRec. O. S. I., Vol. IX, p. 188, when 
be recorded the oocimQiice.of (?. an^^tiffoHa at Karharbari. He only mentioned the existence of 
the species in Victoria "in certainly mesozoic rocks,*' together "with Taniopterit Daiuireei, 
McCoy, which is characteristic of mesozoic rocks in Queensland." See ante, p. 142. Oangamop- 
ierit angutiifolia was originally described as a Cyelopteria by McCo^ from the Newcastle coal 
. measures, Ann^ Mag. Kat. Hist. 1^7, Ser. 1, XX, p, 148. 

• Rec. G. S. I.. Vol. X, p. 139. 
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far SB it goes, the argument is fair and fairly nrged, but it is not conclnsiye, and 
it cuts both ways. Dr. Feistmantel has omitted to note that there is nearly, if 
not qnite as strong a link between the Karharbari beds and the upper coal mea- 
sures of Australia, and he also forgets that if, as Mr. Clarke and other Australian 
geologists consider, those upper coal measures are palieozoic, and if fossil plants, 
like Voltzia, are adequate to determine age, the marked palfeontological connec- 
tion between the Damuda and Newcastle beds, more marked than the Bunter 
afiGbities of the Karharb&ri strata, would show the Damudas to be palssosoic, and 
the Karharbkri beds are older than the Damudas. 

Talchib group. — The close association of the Talchir and Karharbari groups 
renders it probable that any age which must be assigned to the one must be 
attributed to the other also. The riew appears to be gaining ground rapidly that 
the connection between permian and trias is greater than was at one time sup- 
posed, but there are numerous indications that the permian rocks, containing the 
poorest of all known faunas of a great geological epoch, and corresponding to the 
greatest change in animal and vegetable life of which any record has been pre- 
served in the whole palssontological sequence, may have been, as suggested by 
Professor Ramsay' many years ago, a cold period like the Glacial epoch, which 
has in comparatively recent times affected our planet, but more severe or more 
prolonged. The evidence of ice-borne boulders in the Talchir beds, as pointed 
out by my brother, Mr. H. F. Blanford,' agrees with similar indications of 
glacial transport in England and in South Africa, and this clue, however faint, 
appears to me more promising than the relations of fossil plants. 

It would, however, be an omission if I did not call attention to a fact which 
is of some importance, viz., that in certain permian European floras mesozoic 
forms are much better represented than palflBozoic. Compare, for instance, the list 
of plants recently described by Heer from Funfkirchen.' This flora comprises the 
genera Baiera, VoUzia and Sehizol^ns, all mesozoic types, together with VUmania, 
which is peculiar to permian beds, there being but one carboniferous genus 
present. 

« 

In formulating the conclusions for which I have endeavoured to show my 
reasons in the preceding pages, I shall only notice the more important. 
If Dr. Feistmantel chooses to reply, I beg to point out that these are the essdntial 
questions to be decided. It is no answer to me to prove that I have overlooked 
some paragraph of his, or that I have made a slip about the name or relations of 
a fossil-plant. I do not pretend to a knowledge of paJeso-botany, and I shall 
probably be shown to have erred in some trifling and secondary matters, as I did 
before. As no competent critic has hitherto attempted to analyse Dr. Feistmuantel's 
work, and as I believe I have shown that work to be deficient in accuracy, I ask 
geologists to suspend their judgment as to his conclusions until these have been 



> Q. J. a. S., Vol. XI, 1866, p. 198, Ac. 
< Q. J- O. S., 1876, p. 628. 

* Jahr. K. Ung. Qeoi Anit, Vol. V, 1876, quoled in Verb. K. K. Qeol. lUichsanst Wlen. 
1877, p. 42. 
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re-examined by a practised palflBontologiBt. My object is gained if I bave called 
attention to the subject, and have defended my old colleagues from Dr. Feistmantel's 
systematic, if unintentional, tendency to disparage their work. 
The conclusions are as follows : — 

I. The eTidence adduced by Dr. Feistmantel to prore that the TJmia beds of 
Cutch are not upper Jurassic would be insufficient, even if it were correct, and 
the greater portion of it is incorrect. Some of the forms, and amongst these 
the most important^ quoted as evidence of an older age, really confirm Dr. 
Waagen's riew that the beds are highest Jurassic, (Tithonian or PorUandian) 
and the Cutch plant-beds mayhaye been contemporaneous with Wealden, as Dr. 
Stoliczka considered. 

II. The evidence brought forward to prove the B&jmah4l beds lias is insufficient 
to justify the conclusion. 

in. No sufficient proof of connection between the Panchet group and the 
Keuper has been adduced to show that the two are of the same age or related by 
homotazis. 

IV. The evidence on which the M4ngli beds are classed as rhsstic and as 
newer than the Panchets is based upon various mistakes and omissions, whilst 
the geological evidence upon which the M&ngli beds were referred to the K&mthi 
group (probably older than Panchet) is indisputable, and would suffice to show 
Dr. Feistmanters classification of the beds to be* erroneous, even if his palsdonto- 
logical data were correct, which they are not. 

Y. In short, if the affinities of the plant-fossils with those in European rocks 
were alone regarded, the whole Gondw&na system above the Karharbari group 
would be probably classed as equal to European beds from middle Jurassic to 
rhflBtio, and it is highly probable that the lower GK>ndw&na Damuda flora would 
be classed as newer than the upper G^ondwina B&jmah&l, as indeed it has 
been, in part at least, by no less authorities than De Zigno and Schimper. 
On the evidence produced by Dr. Feistmantel himself, both B&jmah&ls and Pan- 
chets are most closely affined by homotazis to the same minor European formation, 
the rhadtic, although between the two Indian groups there is the greatest break, 
both stratigraphical and palfiBontological, in the whole Gondw&na system. 

VI. No evidence of any value has been produced to establish the classification 
of the Damuda series as lower triassic (Bunter) ; the Damuda flora has far less 
in common with the Bnnter, or with any triassic Enropean flora, than with 
that of the upper coal measures of Newcastle, &c., in New South Wales, and the 
mesoBoic relations of the Damuda flora, which, after all, are not stronger than the 
affinities to the Australian upper coal-measure flora, are made out by selecting 
for comparison plants from various European formations ranging from middle 
Jurassic to lower triassic. 

YII. The classification given by Dr. Feistmantel, and stated to be on the autho- 
rily of Mr Clarke, for the Australian plant-bearing beds, differs materially from 
all the data published by Mr. Clarke himself, and the union of the Newcastle 
beds with the Wyanamatta and Hawkesbuiy rocks instead of with the lower coal 
measures of Stony Creek, &c., is opposed to all the published evidence, and is 
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aupported by argmnentB -which ivre .^ijbher i]iaocnirata:9r inflnfSx^ieiit. No reasons 
of any valite hav^e as-jcitbeena^digsied for tbersepefffttioiiof ,t)»e :Nc)wca«iIe j[)eds of 
AnstraJia from the lower coal rmeaanres with marine foisiis. 

YIII. The Karharb&ri beds must be separated from :tibe Damiidas ^^nd okused 
with the TaJchirB, and the palvontological distinction from the Damndas is.eqnal 
to that on, the strength :of ,wbi<di Jkhe FaaK^Qts were remo^eid ftain ibe JDnmnda 
series. 

IX. It is jnstaa reasonable io: assert that the DamndafiSAdKarharbm 
cadboniferons, because plants,, sudi.^8:&2o«fa2?^9rtf BrovmaoM^ which are prored to 
be of carboniferons -age in Anstmlia, oocnr in the higher of thelndian groups, 
as it is to conclude that the whole of the lower G^ondw&nas are masovoic because 
some triassic JlnnqpeanformSy siusbas Fol^ziiaA^^eropA^Hay are found in the inferior 
Indian subdiyision, but in neither case is the evidence snoh afi toc^uler it wise to 
r oome to any positiye and nnqnalified oonelosiMi. 

X. That the upper Gkmdwifcoa may be taken 'approximately as equivalents 
of the European Jurassic series, and the lower Gondw&nas also approximately 
as tciaaso-permian, but tibaft.anjrthkig like close definitum of miiuMr horizons 
in.the Gondwina system, or any attempt- at establishing the exact correspondence 
xt diSerenttgroups in India and Europe is premature. 

JXI. iEinally that, sb ibe Toteran botanist Alj^onse de Condolle has necently 
.pointed out,^ an Attompt to detemline geological . epodis in countries remote from 
Europe by fossil plants alone, can only lead to error. I doubt whethmr terrestrial 
and freshiwater animals ajre much more distinctive of geological age than plants. 

•On.a review of the whole subject of the age of theGondwi&oaflyBteml can only 
conclude, jSr0^,. that JDr. Feistmanters attempt to make, all the Ludian groups fit 
intothe; established grooves in the:European sequence is a failure ; and, aatsoMUy, 
^tiiat:tlte constant isas^rtion that paorticular groups belong to . diatinotEuzopean 

r0ub*'divi8ion&«u(diaalia0»iK0uperorBuAter,ismialeadingandmiseientific Ibeliave 
'jUiat.tbe plan.pmaned'by Dr. Oldhaniiandby all the othAr members of thelndian 
.Gteologksal.SiirYey.beforeiDr. F^iatmanters arrival,, df abstaining fromany attempt 
.ati'fixact correlation, and of using/ due caution iui suggesting, relations of beds, jvas 

wiser and more scientific' tittn Dr. iFoistnianters poBitiyoassert^^ to the age 

of .various Indian nocks. 



On ^'-Bemabes, Ac, bt Mb. Thbobald 9pon*E]»a«08 ih-t^b P^vjab." 

(Beeocd^, Q«Ql9glQ»l3.QryQy.of Indim Vol ^ p. 223.) 

Referring to these remaiks, I .wi^h to suggest c that the. ambiguity 
disappears when the subject is considered from the .general point <i)f< view in 
Nwhich it presented itself to me. 

The orsatios of the Punjab ware.troatedof in my .paper simply .>as jraadering 
folggBNents, . scnne of whieh oouJd .be .jattrihuted to. ice flotation,, and some to mother 

Mm)Sl«lWqae Umv6rsiaie.'jl^h. 9ci. Rbjg. Ifnt. 1875. Yol. LIV, p. 399. 



PABT L] Wgmne : Upon Hrraiics in'- tie Punjab, 151 

local transportdng agency ; though there was eyidenoe to connect these also with 
glacial conditions. 

I did not refer these erratics coUectivelj to any particular or post-tertiary 
glacial period, because some of them presented indications of older glacial con- 
ditions. My object was to record the presence of tra^velled (erratic) masses, and 
ihe probable ikiode of aeiebunting lor them, rather than to establish their chrone«- 
logical relations, or advance theories regarding glacial conditions in the Punjab. 

I think the origin most lately relied upon for the red granite blocks iti the 
direction of the Salt Bange open to uncertainty, both on account of the quantities 
df these blocks locally present, and of the disintegrating nature of graxdteB 
generally, but still more, because the conformity of the whole Salt Range series, 
long since pointed out by Mr. Theobald (Journal, Asiatic Society of Bengal^ 
XXm, 1854, p. 656) is opposed to the idea that boulders derived from this series 
below the nummulitic groups could be enclosed in upper members of the same 
conformable sequence of beds. 

The largest of these red granite blocks present no essential difference in their 
manner of occurrence from that of the other masses supposed to hare been icet- 
bome ; they cannot be traced to local disintegration of a boulder bed below the 
Obolu8 zone» as this conglomerate does not occur in their vicinity, and they greatly 
exceed in size the blocks of the adjacent cretaceous (?) boulder bed. 

Being evidently transported detrital masses, I conceive that the name '' esratics " 
is applicable to iAxe whole of these travelled boulders of tlie Upper Punjab.' 

A. B. WYNNE. 
January 1878. 



I ETaying to defined tlie word erreUie, Mr Wynne it, of cootm, entitled to tlw benefit of the 
explanation. According to current nsage, an erratic would certainly be nnderstood to imply 
transport by ice, if ndt tnreiik an appropriation to' tbe ftuAiliar ghRoiat period. The eHMitial 
meaning the word seems fitted to oonTey is seme form ol flotation distinct from the ordinary 
agencies of denndationk As meaning simply a stone not in plaoe^ the word would be of very little 
use.— H. B. M. 
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Ditto. 
,y Het Maleisch der Molttkken (1876), 4(to, Batavia. 

Ditto. 

„ Notulen van det Bataviaasch Genootschap, Deel XIV, Nos. 2-4 (1876-77)^ 

8vo, BataviA. 

Ditto. 

„ Tijdschnft voor indische Taal-Land-en Yolkenknnde, Deel XXIII, Nos. 

5-6, XXIV, Nos. 1-3 (1876-77), 8vo, Batavia. 

Ditto. 

BBBLiN.-^Monatsbericht der k. Prenss. Akademie der Wissenschaften, June to 

Augnst (1877), 8vo, Berlin. 

The Academy. 

„ Zeitschrift der Deutschen Geologischen Gesellschaft, Band XXIX, heft 

2 (1877), 8vo, Berlin. 

The Society. 
^, Zeitschrift fur die Gesammien Natorwissenschaften, New Series, Band 

XIV, Nos. 10-12 (1876), 8vo, Berlin. 
Boston. — Annnal Report of the Tmsteee of the Mnsemn of Comparative Zoology 

for 1875 and 1876 (1876-77), 8vo, Boston. 

The Museum. 

« 

„ Memoirs of the Boston Society of Natural History, Vol. II, Pt. IV, 

No. 5 (1877), 4to, Boston. 

The Society. 
„ Proceedings of the Boston Society of Natural History, Vol. XVIII, 

Pts. 3 and 4 (1876), 8vo, Boston. 

Ditto. 
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TH^ cf Books, Donors. 

Boston. — Proceedings of the Amerieaa Academy of Arts and Sdenoes, Ifew 

Series, Vols. III-IV (1876-77), 8vo, Boston. 

The Acadbmt. 
Budapest. — ^Mittheilnngen ans dem Jahrbnche der kon. TJngarischen Geologischen 

Anstalt^ Band YI, heft 1 (1877), 8yo, Budapest. 

Ths Ikstitute. 
Buffalo.— Bnlletm of the Buffalo Society of Natural Sciences, Vol. Ill, No. 4 

(1877), 8vo, Buffalo. 

The Society. 
Galcutta. — Journal of ihe Asiatic Society of Bengal, No. 114 (1841), 8yo, 

Calcutta. 

Ditto. 
„ Journal of the Asiatic Society of Bengal, New Series, Vol. XLVI, 

Part II, No. 3 (1877), 8vo, Calcutta. 

Dirrt). 
„ Proceedings of the Asiatic Society of Bengal, New Series, No. 9, 

November (1877), 8yo, Calcutta. 

Ditto. 

Cambridge, Mass. — Bulletin of the Museum of Comparative Zoology, Vol. Ill, 

Nos. 8-16 (1876), 8vo, Cambridge, 

COMP. ZOOLOOT Mt&EUM. 

„ „ Illustrated Catalogue of the Museum of Comparative Zoology, 

Vol. VII, Parts 4 and 8, Part 1 (1874), 4to, Cambridge. 

Ditto. 

„ Memoirs of Ifhe Museum of Comparative Zoology, YoL II, No. 9 ; lY, 

No. 10; and V, No. 1 (1876-77), 4to, Cambridge. 

Ditto. 

Davenport. — Proceedings of the' DiB^venport Academy of Natural Sciences, Vol. I 

(1867-76), 8vo, Davenport; 

The Aoadeitt. 

Frakkfurt. — Abhandlungen ier Senckenbergischen Natnrforschenden G^eeells- 

chaft. Band XI, heft 1 (1877), 4to, Frankfort. 

Glasgow. — Proceedings of the Philosophical Society of Glasgow, Vol. X, 2 

(1877), 8vo, Glasgow. 

The Societt. 

Lausanne. — Bulletin de la SociM Yaudoise des Sciences Naturelles, 2nd Series, 

Vol. XV, No. 78 (1877), 8vo, Lausanne. 

Ditto. 

Liverpool. — Proceedings of tiie Liverpool Geological Society, Vol. in, Part 2* 

(1876), 8vo, Liverpool. 

Ditto. 

London. — A Guide to the Exhibition Booms of the British Museum, Departments 

of Natural History and Antiquities (1877), 8vo, London. 

British Museum. 
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Titles of Books, Donors. 

IjOHBOk. — Butler, A. G. — Illiistrations of Typical Specimens of Lepidoptera 

Heterocera in the British Mnsemn, Part I (1877), 4ito, 

London. 

BsinsH Mui^UM. 

,1 OwEif, BiCHAED. — DesoriptiYe and lUnstrated Catalogue of the Fossil 

Bqytilia of South A&ioa in the British Mnsenm (1876), 
4to, London. 

Ditto. 

y, Sharps, B. B. — Catalogue of the Passeiiformes in the British Mnsenm, 

Vol. Ill (1877), 8vo, London. 

Ditto. 
„ Smith, F. — Catalogue of the British Bees in the British Museum 

(1876), 8vo, London. 

Ditto. 
,) Woodward, H. — Catalogue of the British Fossil Crustacea (1877), 

8vo, London. 

Ditto. 
„ Journal of the Anthropological Listitute of Ghreat Britain and Ireland, 

Vol. VII, No. 1 (1877), 8vo, London. 
,^ JoUrnid of tlie Linnean Society of London, Zoology, Vol. XII, No. 64 

to XIII, No. 71. Botany, Vol. XV, No. 85, to XVI, No. 92, 
with list of Fellows for 1876 (1877), 8yo, London. 

The Society. 
,^ Transactions of the Linnean Society, 2nd Series, Zoology, Vol. I, Part 

4 ; Botany, VoL I, Part 4 (1876-77), 4to, London. 

Ditto. 
„ Journal of the Boyal Asiatic Society of Great Britain and Ireland, 

New Series, Vol. IX, PaOrt 2 (1877), 8vo, London. 

Ditto. 
,) Jouinal of the Boyal Geographical Society, Vol. XL VI (1876), 8to, 

London. 

Ditto. 
,, Proceedings of the Boyal Geographical Society, VoL XXI, Nos. 4-6 

(1877), 8vo, London. 

Ditto. 
„ Proceedings of the Boyal Society of London, Vol. XXVI, Nos. 181-183 

(1877), 8vo, London. 

Ditto. 
y, Proceedings of the Zoological Society of London, Part II (1877), 8yo, 

London. 

Ditto. 
,) Transactions of the Zoological Society of London, Vol. X, Part 2 

(1877), 4to, London. 

Ditto. 
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Titles of Books. Donors. 

London. — Quarterly Jonmal of the (Geological Society of London, Vol. XXXm, 

Part II, No. 130, and Part III, No. 131 (1877), 8vo, London. 

British Musbum. 
„ Report of tHe 46i]i Meeting of the British Association for the Advance^ 

ment of Science (1877), 8yo, London. 
MimcHEN.— Abhandlnngen der math. phjs. olasse der k. Bay. Akademie der Wis* 

senschaften zu Munchen, Band XII, Abth. 3 (1876), 4to, 
Munchen. 

TfiB ACADBMT. 

„ SitEnngsberichte der math. phys. olasse der k. Bay. Akademie der 

Wissenschaften zn Munchen, Heft. II (1876), Byo, 
Munchen. 

Ditto. 
Paris.— Bulletin de la Sod^t^ G^logique de France, 3rd Series, Vol. IV, 

Noe. 11-12, and Vol. V, Nos. 4-61(1876-77), 8ro, Paris. 

Thb Societt. 
Pbnzance. — Transactions of the Boyal (Geological Society of Cornwall, Vol. IX, 

Part 3 (1877), 8vo, Penaance. 

Ditto, 
Philadelphia. — Journal of the Academy of Katural Sciences, Kew Series, 

Vol. Vni, Part 2 (1876), 4to, Philadelphia. 

Thb Acadbmt. 
„ Journal of the Franklin Institute, 3rd Series, Vol. LXXIV, 

Nos. 3-5 (1877), 8vo, Philadephia. 

The Institutb. 
„ Proceedings of the American Philosophical Society, Vol. XV, 

No. 96; and XVI, No, 98 (1876-77), 8vo, Philadelphia. 

Thb SocnsTT. 
Plymouth. — The 62nd and 63rd Annual Beports of the Boyal Society of Com-' 

waU (1876-77), 8vo, Plymouth. 

Ditto. 
Bomb.— Bollettino B. Comitato Geologico d'ltalia Nos. 7-10 (1877), 8yo, Borne. 

Thb Gbological Commission. 
Salbm, Mass.— Bulletin of the Essex Institute, Vol. VIII (1876), 8to, Salem. 

Thb Institutb 
St. Pbtbrsbubg. — ^Bulletin de rAcad^mie Imp riale des Sciences de St. 

Peiersbourg, VoL XXII, Nos. 1-4, and XXIII, Nos. 1-2 
(1876-77), 4to, St. Petersburg. 

Thb Academt. 
,y M&noires de rAcad^mie Imp^riale des Sciences de St. 

Peterabourg, 7th Series, Vol. XXII, Nos. 11-12 ; XXIII, 
2-8 ; XXIV, 1-3 (1876-77), 4to, St. Petersburg. 

Ditto. 
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TUlea of Boohs. Donors. 

Stuttoabt.— Wiirttembergische natarwisseoflcliaftliche Jahresliefte^ Jahrg* 

XXXni, heft. 3 (1877), 4to, Stuttgart. 
Stdnet. — ^Bnles and List of Members of the Boyal Society of New South Wales 

(1877), 8vo, Sydney. 

Thb Society. 
Toronto. — Canadian Journal of Science, Literature and History, New Series, 

Vol. XV, Nos. 6-7 (1877), 8vo, Toronto. 

Thb Ihstitutb. 
ViSHNA.^— Abhandlungen der k. k. Geologischen Beichsanstalt, Band VII, Part 

4 ; and IX (1877), 4to, Vienna. 

Ditto. 
ViBNKA. — Jahrhuch der k. k. Geologischen Beichsanstalt^ Band XXVII, Noe. 1-2, 

(1877), 8vo, Vienna. 

Ditto. 
,, Verhandlungen der k. k. Geologischen Beichsanstalt^ Nos. 1-10 (1877), 

8vo, Vienna. 

Ditto. 
WASHiNGTON.^-Annual Beport of the Board of Begents of the Smithsonian 

Institute for 1875 (1876), 8yo, Washington. 

Ditto. 
y, Bulletin of the IT. S. Geological and Geographical Survey of the 

Territories, 2nd Series, No. 2, and Vol. m, Nos. 2-3 
(1875 & 1877), 8vo, Washington. 

The Subvbt. 
Catalogue of the Publications of the IT. S. Geological and Geo- 
graphical Survey of the Territories, 2nd Edition (1877), 
8yo, Washington. 

Ditto. 
U. S. Geological Survey of the Territories. VII. Ethnography and 
Philology of the Hidatsa Indians, by W. Matthews (1877), 
8vo, Washington. 

Ditto. 
,y U. S. Geological Survey of the Territories. Lists of Elevations, 

by H. Gamett, 4th Edition (1877), 8vo, Washington. 

Ditto. 
„ The Grotto Geyser of the Yellowstone National Park, royal 4to. 

Ditto. 
„ Monthly Beports of the Department of Agriculture for 1875 and 

1876 (1876-77), 8vo, Washington. 

Dbft. or AoBic, IT. S. A. 
„ Beport of the Commissioner of Agriculture for 1875 (1875), 

8vo, Washington. 

Ditto. 

„ U. S. Coast Survey. Meteorological Besearches for the Use of the 

Coast Pilots, Part 1 (1877), 4to, Washington. 

n. S. Coast Subvet. 
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TUles of Books. Donors. 

Wbllington.— TransactioiiB and Prooeediogs of iihe New Zealand Instdtate, 

Vol. IX, (1877), 8vo, Wellington. 

Ths Institute. 
„ Geological Survey of New Zealand. Maps of the Bnller Goal- 

Field to iUnsiirate Geologictd Bc^rts, 1874-77 (1877), 

flflc., Wellington. 

The Subvbt. 

YoBE.— Conmmnications to the Monthfy Meetings of the Yorkshire Philosophiod 

Spoiety (1876), 8vo, York. 

The Societi. 
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On THB Oeoloot or Sinb, (sscond Noticb,) by W. T. Blanfobd, A. B. S. M., 

F.B. S., Geological Survey of India. 

Introduction. — ^A brief account of the Geology of Sind, so far as the stmctnre 
of the conntry had been ascertained by one short season's work, was given in the 
Records of the Geological Survey for 1876.^ Two whole seasons, 1875-76 and 
1876-77, have since been devoted by Mr. Fedden, and one season and part of a 
second by myself to the geological examination of the province, and, as might 
have been expected, several additions of more or less importance have been made 
to our previous knowledge, whilst in a few cases it has been found that our first 
conclusions were incorrect. As before, Mr. Fedden's notes are combined with my 
own, and I am indebted .to my colleague for a large proportion of the observations 
made. Mr. Fedden has also added much to our knowledge of the fossil fauna 
by his collection and examination of the fossils, but the details must be deferred 
for the present. 

The sub-division of the tertiary series in Sind into Manchhar, Gr&j, Nari, 
Khirthar and Banikot groups holds good, although the boundaries between the 
various sub-divisions have proved, in parts of the province, to be less distinct 
than in the Elhirthar range, and there is the same remarkable appearance, that 
all the different tertiary formations are only of local value, and that all tend to 
pass into each other at a comparatively short distance from each typical section, 
which has been already noticed by Mr. Medlicott in the corresponding for- 
mations of the Punjab.' Some slight modification in the geological horizon 



» VoL IX, pp. 8-22. 

* Rec. 0. S. I., IX, pp. 60, etc. 



162 Records of the Oeologieal Survey of India. [vol. xt« 

attributed to the lower ManoUiar beds bas also been rendered probable, but in 
general there appears every reason for accepting the views put forward in the 
former paper as to the correlation of the difEerent tertiary groups in Sind. 
It has, however, been found that, in the original classification, rocks were 
included in the Banikot group, which belong in fact to a much lower horizon, 
and three small groups have been established beneath the lower tertiary sub- 
division and referred to the cretaceous epoch* 

Errors in previous paper, — Before proceeding to notice the additions since 
made to the G-eology of Sind, it will perhaps be best to call attention to a few 
statements in the previous paper which further examination of the countiy has 
proved to be untenable. The corrected general section will be found below, 
but there are a few details requiring alteration, besides the entire re-arrangement 
of the beds included in the first notice in the Banikot group. 

The supposed unconformity between the Gij beds and the Nan group at 
Tandra Il4him Elh&n, west of Sehw&n,^ appears doubtful. Further examination 
of the junction between the two groups has failed to show any clear evidence 
of unconformable overlap. 

The basaltic lava flow^ is now shown to be at the base of the Banikot 
group, and not intercalated, the beds below the volcanic rook being of different 
age. 

Another error is in the statement^ that the Khirthar rocks compose several 
ridges near the Habb river, the southernmost of which terminates at Gape Monze. 
It is true that some ridges near the Habb consist of Khirthar rocks, and that 
the ridge west of the river, not far from the mouth, is composed of that formation, 
but the range terminating at Cape Monze proves on re-examination to be of 04j 
beds resting on Nari. The mistake was due to the rocks having been first 
examined before the different sub-divisions of the Sind territories had been 
made out. 

Oeneral section of rocks in £fifu2.— The following is the general section of the 
Sind rocks as corrected, the thickness of each group being estimated, as usual, 
where the beds are best developed. Very nearly, if not quite the full dimensions 
given, from the base of the lower Khirthar to the top of the Manchhars, are, 
however, exposed on the G^j river, where, below the beds classed as lower Khir- 
thars, nearly 4,000 feet of shales and limestones are seen, which probably belong 
to cretaceous formations : — * 



1 Bee G. S. I., p. 16. 

s I e., p. 22. 

' L e,, p. 13. 

* In lome brief notet publuhed in the Proceedings of the Atiatic Sodety of Bengal for 
Jannaiy 1878; pp. ^ 6» all these beds were classed as lower Khirthars, and the thickness of the 
gronp estimated at 10,000 feet^ but subsequent study of Dr. Cook's descriptions of the Ketot 
rocks has shown that the nnfosnliferons lower beds in the Gij section may. like some Ttry 
similar rocks south of KeUt, be really cretaceous. 
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Cretaceous 



BXXABKS. 



Apparently represent- 
aUTc of the oiwaliks 
proper. 



Nummulitio limestone. 



BepresentatiTeof Dec- 
can and Malwa trap. 



A bed of trap inter- 
stratified with the 
sandstone. 

Base of lower ^ronp 
not exposed. 



Oretaoeoug ^eeb.— -The only part of Sind in which rooks of pre-teridary age 
are known to exist is in the range of hills nmning south from Sehw&n. Yarions 
portions of this range are known by local termSy such as Dharan, Tiy^ Eri, 
Snrjana, Ac., but amongst the people of the country there is no name for the 
range as a whole. By Europeans the northern portion is sometimes called the 
Laki range, from the town of Laki, near the northern extremity, and for want of 
a better name this may be accepted. The old fortress of Banikot is in this range. 

The Banikot beds themselves, it may be mentioned, as was already pointed 
out in the previous paper, extend over a considerable area to the east of the 
Laki range, and southward as far as Tatta. They are, however, not exposed 
anywhere in Upper Sind. The area of the beds beneath the Banikot group 
extends northwards from the fortress of Bianikot to within four or five miles of 
Laki, a distance of about 22 miles. The outcrop, however, is not quite conti- 
nuous, for the trap and underlying beds are covered up in places by the Banikot 
group. The Hippuriiic limestone, the lowest rook known to occur, is only 
exposed in a single locality. The range is very difficult of access, and there is a 
permanent supply of sweet water at only one spot, the fortress of Banikot. 

The spot where the Hippuritic limestone is exposed is at a place called Barrah, 
about 15 miles north of Banikot. The range here consists of three parallel 
ridges. The eastern of these faces the plain sloping to the Indus, and consists of 
vertical or nearly vertical Khirthar limestone, on which, to the eastward, 
Manchhar beds rest unconf ormably. To the westward, Banikot beds come in below 
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the Khirthar limestone, bnt have a revened dip to the westward ; then there is a 
fault with a considerable npthrow to the weet^ and, west of this, the cretaceous 
beds come in with a low western dip. They are exposed in a high scarp and 
form the second or intermediate ridge. From this point there is a g^radnallj 
ascending section to the westward, the soft upper cretaoeons and Banikot beds 
cropping ont in the valley between the intermediate ridge and the western or 
main range, which is formed of Elhirthar or nunminlitic limestone. 

The lowest beds seen are a hard compact white limestone, white or grey in 
colonr, pure below, but becoming gritty above. No nummulites occur : fossils 
abound, but are only seen in section, and they weather out so badly that only one 
fairly recognizable specimen has been obtained. This specimen, however, is of 
importance, 9S it appears to be a portion of a Hippurite, one of the most charac- 
teristic of cretaceous fossils. 

The peculiar interest attaching to the discoveiy of this fossil, if the identifi- 
cation be correct, is due to the circumstance that the principal cretaceous 
formation in Persia is a limestone containing Hippurites, and that this limestone 
has been found extending over a large tract of country from Lake IJrumiah in 
north-western Persia to south-east of Karmdn. This last locality, however, is 
about 700 miles from the spot where cretaceous rocks are found in Sind, and the 
Hippuritic limestone has not hitherto been recognized in Baluchistan, where, 
however, cretaceous rocks are certainly present. The bed in Sind differs much 
from the characteristic form of the Persian rock, but the latter is of great thick- 
ness; some 8,000 feet at least, in the neighbourhood of Karman, apparently 
belonging to the formation, and it includes many beds varying in mineral 
character. 

The gritty limestones on the top of the white Hippuritio limestone pass 
upwards into a group of dark-coloured sandstones of considerable thickness, and 
forming the intermediate ridge of hills already mentioned. The dark colour of 
the beds makes these hills conspicuous from a distance, and enables them to be 
distinguished at once from the two whitish limestone ranges to the east and west. 
The sandstones are usually coarse, sometimes conglomeratic and often calcareous, 
the prevalent colour is dark-brown or purple, and many beds are highly ferrugi- 
nous, a few bands of dark-red shale, containing much iron, being interstratified. On 
the top of the sandstones is a thick bed of dark-coloured impure limestone con- 
taining oyster shells and some other fossils, amongst which are some large bones, 
apparently of reptiles, but all hitherto found were too imperfect for identification. 

In one place a bed of basalt about 40 feet thick was observed by Mr. Fedden 
interstratified in the sandstones, and it is probal^e that this band may exist else- 
where, although it has been overlooked. The position of this bed of trap is about 
300 or 400 feet above the top of the Hippuritio limestone, and about twice that 
distance below the main band of basalt at the base of the Banikot group. 

The highest sub-division of the cretaceous rocks consists of olive shales and 
sandstones, for the most part soft and fine-grained, but occasionally hard and 
calpareous. The beds of sandstone have very frequently an "ashy" appearance, 
as if they contained decomposed grains of basalt or some similar volcanic rock, 
or fine volcanic lapilli, or they may be an admixture of the products of submarine 
volcanic outbursts with ordinary sedi9ient8. G3rpsum is of common occurrence 
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in the shalee. These oHve Bliales and sandfitoneB are highly fossilif erons, the most 
common and conBpicnons fossils being Oarddta heaumonti^ the afiBbiities of which 
are shewn bj D'Archiac and Haime to be with a cretaceous form, and a Nautilvs, 
which Mr. Fedden has, I believe correctly, identified with N. hotichardiamis, a 
Oault species in Europe, but found in the upper cretaceous beds (Arialdr) of 
Southern India. Another species of Nautilus also is allied to some cretaceous 
types. The first namedj species may be N. lahechei of D'Archiac and Haime, 
from which it only differs in the siphuncle being median instead of interior, 
but this character sometimes varies with age in Nautili, Amongst the other 
fossils occurring is a species of EpiatteTy a genus of Echinoderms almost confined 
to upper cretaceous beds. The only form in the olive shales hitherto identified as 
common to the Banikot group is Gorbula ha/rpa. Besides the above, species of 
Oidaris and of anEchinoderm allied to Pygorhynchus, Bostellaria, Cypr^^ Natica^ 
TurrUella, Gardi/wm and Ostrea occur, with two species of Corals. A few imper- 
fect Reptilian vertebre have been determined by Mr. Lydekker as belonging to an 
Amphicsalian Crocodilian with distinctly mesozoic affinities. 

All the cretaceous beds abovementioned appear to be perfectly conformable 
to each other and to the overlying trap. It is premature to attempt correlation 
of these cretaceous rocks, but it may be remarked, that some peculiar olive 
shales, which underlie the nummulitic limestone of the Salt Bange in the Punjab 
conformably, and which have been classed by Dr. Waagen as probably of creta- 
ceous age, may represent the very similar beds in Sind. 

Deccan trap, — ^Besides the bed of trap just noticed as occurring interstratified 
with the cretaceous sandstones, the basalt first observed at Banikot in 1863,^ 
and subsequently found further north at Jakhmari and other places;' has now 
been traced throughout the whole distance, upwards of 20 miles, between 
Jakhmari and Banikot, wherever the base of the Banikot beds is exposed. The 
thickness of the trap varies from about 40 to about 90 feet, the average being 
60 or 70. The only rock is basalt, of which, in places, there appear to be two 
flows similar in mineral character; the upper portion of each flow is amyg* 

daloidal. 

In the previous paper on Sind Geology, it was stated* that the relations of 
the trap were obscure, and although this was corrected in a postscript* so far, 
that the interstratification of the trap flow was said to have been clearly ascer- 
tained, the most important point, the probable relation of the volcanic rock in 
question to the great Deccan and Malwa trap series, was left undetermined. The 
interest of this question and the possibility that the basalt seen for a few feet only 
in the bed of the stream at Banikot might be a representative of the Deccan 
trap, were naturally mentioned in the first notice of the occurrence.' The trap 
series, it may be remembered, has been traced from the Deccan and Malwa 
throughout B^ttywar and Cutch, to within about 150 miles of Banikot, so that 
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166 Records of the Oeologieal Survey of India. [vol. xi. 

the representation of this great volcanio formation in Sind is &r from improbable. 
The question as to whether the Banikot trap belongs to the Deocan series may 
now be answered in the affirmative. There is oondnsive evidence that this rock 
is interstratified and not intrusive, for it occupies precisely the same position 
above the highest OardUa hecMinotUi beds, and below the base of the Banikot 
group, for over 20 miles, and appears to be conformable with both, whilst not a 
single vertical dyke has been noticed in the country. The mineral character of 
the basalt is precisely that of a very common form of the Deccan trap, whilst two 
mineral pecidiarities — the occurrence of amygdala, surrounded by green earth, 
and of cavities containing quartz crystals, with trihedral terminations — are both 
characteristic of the trap rocks of Western India. The geological position also 
at the base of the tertiaiy series correspohds with that of the trap series in Cutch 
and Guzerat. 

It is clear, however, that the thin flows of basalt in Sind can only represent 
a portion of the great Deccan trap period, and the lower band in the cretaceous 
sandstones indicates that all the upper cretaceous beds between the two trap flows 
were, in all probability, contemporaneous in origin with the Deccan trap series. 
If now the age of the OardUa he<mmonti beds has been rightly determined as upper 
cretaceous, the identification of the Sind representative beds confirms the views 
previously held by myself, but by no means generally accepted by my colleagues, ^ 
as to the cretaceous age of the lower portion, at all events, of the Deccan trap 
series. 

Banikot group, — It was mentioned in a postscript to the previous paper in 
the Records ' that the highly fossiHferous brown limestones seen north-west of 
Kotri and near Jhirak (Jhirk or Jerruck) and Tatta must be classed with the 
Banikot group, and not with the Khirthar. A list of fossils obtained from these 
brown limestones was given,' but from this list two species must be removed, 
viz., OardUa bea/umonti and Nautilus lahechei^ the species thus identified (the 
identification is doubtful in the case of the NawUlus) being from the oUve shales 
now classed as cretaceous. It was also noticed in the postscript that south of 
Banikot there is distinct unconformity between the Elhirthar limestone and the 
Banikot group, the upper members of the latter being deficient in the Laki range, 
and there being at one place evidence of the lower group having been slightly 
disturbed and denuded before the deposition of the Elhirthar limestone. The 
break between these two formations is, however, probably not indicative of 
any great interval in time, for several of the Banikot fossils pass upwards into 

1 Oldham: Bee. O. S. L, IV, p. 77; Wynne: Mem. O. S. I., IX, p. 48. I have lately had 
occasion to go over all the eridence again when writing a chapter on the Deccan traps for the 
Manual of Indian Geology, and it appears to me that the arguments in favour of considering the 
traps tertiary are weaker than I at first supposed. Only one fact of any importance, so far as I know, 
has evn heen adduced : the supposed identification of certain freshwater shelly in the intertrappean 
beds of the Deccan with forms found in the lower eocene plastic clay of Belgium. Apart from the 
question, a very important one, whether freshwater shells afford trustworthy evidence of age, I 
greatly douht the validity of the identification. 

« Vol. IX, p. 21. 

' /. c, p. 14. 
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the Khirtbar beds. In some cases, it is true, there does appear to be a change of 
species : thus Eurhodia morrisi^ a common Banikot echinoderm, appears to be 
represented bj JE, calderi in the Khirthar beds, but still there is much evidence 
of transition, for the lowest Khirthars near Jhirk and Tatta haye much the 
character of the Banikot limestones, and there is a gradual passage from the one 
to the other ; so much so indeed, that Mr. Fedden has found it difficult to the 
southward to determine any ezact limit between the two, and to map their 
boundaries. 

All the lower portion of the Ranikot group consists of soft sandstones and 
shales, much yariegated in colour. The only fossils found are land plants ; many 
of the shales are pyritous, and gypsum is of frequent occurrence. It appears 
highly probable that these beds are of fluviatile origin, and their occurrence 
immediately aboye the trap may indicate that the latter was of subaerial formation 
in Sind, as elsewhere. 

Cbbtageous and lowbb tsbtiabt beds or Baluchistan. 

In 1875, from the top of the Khirthar range in upper Sind, lower beds were 
seen cropping out west of the British frontier from beneath the Khirthar lime- 
stone. At that time, owing to political complications, there was a difficulty in 
yisiting any part of Baluchistan ; but in 1876-77, this difficulty haying been 
removed, I was enabled to examine the sections on the upper 04j, the only river 
which actually cuts through the Khirthar range. The beds beneath the Khirthar 
limestone at this spot proved to be utterly different from those seen in the same 
relative position in the Laid range. The following is a rough section of the beds 
on the upper G^j, with their approximate thickness by estimate : — 

1. Masdye nnnuniilitic limeBtone forming the crest of the Khirthar 

TBJigB ... ... ... ,,, ... 1,200 

2. Shales, marls, and days, mostly dark olive in colour and ahonnd- 
ing in NmrnmulUet ... ... ... ... 500 

3. Hard grey limestone with iViMMNi2»<e« ... ... ... eO 

4. Argillaceons limestone^ shales, and clays, olive and bluish gr«y in 
colour, abonnding in iViMim«2i<et 



Khibthab 



Lowbb 

THAB. 



PCBbtacboitb 



. 6. Unfossilif erons olive and Unish grey days and nodular shales ; 
no limestone hands 

6. Pale-brown sandstones in thick beds, with traces of vegetables ... 

?• Fine greenish white sandstone and shale> some of which is carbo- 
naceous ... ... ... .,, „, 

8. Dark*brown limestone and dark-green argillaceous beds, with 

^vV^W^WCvvov ««« ••• •■« ••• ••« 

9. Bale-grey argillaceous limestone, with but few fossils. One band 
towards the base contuns Nunmuliiet and MveoUmm 

10. Fine dark-coloured shales, unfossiliferous 

11. Very fine grained homogeneous thin-bedded limestone^ whiter red, 
grey or ochrey in colour, unfossiliferous, forming a conspicu« 
ous range of hills 

12. Hard grey shales, with calcareous bands, from an inch or two to 
a foot in thickness 



\ 



400 

1,600 
1,000 

500 

100 

200 
2,000 



••• 




12,100 
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and Peden subeomeuB, The bonndaxy between the two gronps is oonseqaentlj, to 
some extent^ arbitrary. 

On the other hand, Mr. Fedden has observed at one spot on the west side 
of the LaJd range, a few miles from the northern extremity of the range near 
Sehwdn, distinct unconformity between the npper and lower Nari groups, the 
sandstones forming the higher portion of the group resting upon the denuded 
edges of the brown limestones composing the lower sub-diyision. This is an 
excellent example of the manner in which the Bub>divisions of the tertiaiy series 
change, the g^ups of one looaliiy passing into each other, and new breaks oc- 
curring. It should be remembered that the Nari beds are entirely wanting east 
of the Laki range, and Manchhars, with, in places, a thin representatiye of the 
(Mj beds at their base, rest unconformably on Khirthars. 

Odj grotyp, — There is but little to add to the general description of this 
group also. A measured section of the beds on the G4j river, where they are 
especially exposed, shows that the whole thickness of the group is but little less 
than 1,500 feet at that spot. To the northward the thickness of the G&j beds 
must be less, and it is probably smaller in lower Sind also. On the QAj the 
greater part of the whole thickness consists of sandy shales and clays, with 
gypBum, the hard limestone beds, though far more conspicuous, being onlj 
subordinate. In the Habb valley however, where the 04j beds form exten- 
sive plateaus, surrounded by scarps in which the rocks of the group are well 
exposed, the mass of the 04j strata appears to consist of limestone, and the 
boundary between them and the Nari, with which, as has just been noticed, 
bands containing Otij f ossib are interstratified, has been drawn at the base of the 
limestones. At one spot, a thickness of 500 feet, entirely composed of limestone, 
was measured (hy aneroid) at the base of the group, and this thickness seems 
to include the greater portion of the Otij strata in this locality. 

It has already been mentioned that the supposed unconformity between the 
Qij and Nari groups west of Sehw4n at Tondra Bihim Kh&n proves, on further 
examination, to be doubtful. But the 04j group in the country south of Sehw4n 
completely overlaps the Nari in places, and rests upon Khirthar beds. In this 
country, however, the O&j itself is but poorly represented, and frequently is 
either entirely wanting, or appears as merely a thin band at the base of the 
Manchhar group. 

The passage from Otij to Manchhar, despite the unconformity shown by over- 
lap, and the presence of Otij pebbles in Manchhar beds, is locally just as complete 
as any of the other cases of transition already mentioned. In the paper pub- 
lished in 1876, the transition beds containing estuarine shells in the Khirthar 
range were mentioned. Some of the estuarine shells are hy no means confined 
to this belt ; Oorlnda trigofialis, for instance, occurs in beds near the base of the 
Qij group, and has also been found in one band in Manchhar rocks, about 300 or 
400 feet above the top of the Qij. As will be shown presently, there is iin 
the neighbourhood of KarAchi even stronger evidence of* the close connection 
between Manchhar and Qij beds. 

Although the number of Qij fossils have been somewhat increased, the 
additions have been leas extensive than in the case of many of the other groups. 
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Amongst the most important additions are, Vicarya vemeuUi, fonnd by Mr. Fedden 
in some of the upper beds of the Q&j section ; a small crab, Typilohtu gramm- 
lonu^ originallj described by Dr. StoHosEka from Cntch,^ and several of the corals 
described by Professor Martin Duncan in 1864. AU tend to support the opinion 
that the O&j beds are miocene, and rather upper than lower miocene. 

Manchhar group. — ^The additions to our knowledge of this group are of more 
importance. Some of the most interesting have been already noticed in these 
** Becords " and in the " PalcBontologia Indica " in the shape of descriptions by 
Mr. Lydekker* of the mamTnaliaTi remains obtained by Mr. Fedden and myself. 
During the last season that I was engaged in Sind, Hira Lai, one of the natiye 
assistants of the Survey, was attached to my camp, and he succeeded in finding^ 
a considerable number of specimens, chiefly small fragments, but including 
several teeth. Some Baluch shepherds also, living along the Laki range, were 
induced to collect, and altogether, although the bones and teeth are rare, and 
but few of those found are recognizable, sufficient material was collected ta 
enable a considerable number of species to be identified by Mr. Lydekker. The 
comparison of these with the comparatively well known Siwalik fauna has 
shown a striking difference ; most of the species being different, and the general 
facies of the Manchhar &una being much older. This distinction is, I think, 
explained by the geology. 

The possibility of a sub-division of the Manchhar group was noticed in 1876.' 
Although it is very difficult to draw an absolute line of separation, there can 
now be no doubt that the Manchhars may be divided, somewhat roughly it is 
true, into an upper and a lower sub>group. The lower consists mainly of the 
characteristic grey sandstone, with occasional red sandstones, and, towards the 
base, brown or grey and red clays i the latter, however, are of small thickness 
compared with similar beds in the upper sub-group. Conglomeratic bands are 
common, and are frequently ossiferous, but they chiefly contain nodules of clay 
and soft sandstone, and no nummulitic limestone pebbles have been detected in 
them. It is from these beds that nearly all the mammalian fossils found in 
the Khirthar range have been derived. 

The upper sub-group, where it is best seen in the northern portion of the 
Elhirthar range, is thicker than the lower, aad consists principally of beds of orange 
and brown clay, with subordinate bands of sandstone and conglomerate. The 
sandstones are usually light brown, but occasionally grey beds occur, like those 
characteristic of the lower sub-division. The highest part of the formation 
contains more sandstone and conglomerate, and the whole is capped by the massive 
conglomerate, which forms the ridge extending along the edge of the Indus 
alluviiun. These conglomerates of the upper Manchhars differ from those of 
the lower by containing pebbles of nummulitic and G4j limestone. Bones 
are rare, and only a few fragments, too imperfect for identification, have been 
found. 



" Pal. Ind., Ser. VII, p. 16, PI. Ill, figs. 8—6. 

» Bac. G. 8. 1.. IX. pp. 91, 98, 106 ; X, pp. 76. 83, 225 ; XI, pp. 66, 76, 77, 79, Ac. ; Pal. Ind., 
Ser. X, pt 2. 

» Rec. G. 8. 1.. IX, p. 17. 



172 Records of the Geological Survey of India. [vol. xi. 

In lower Sind, whence a large proportion of the mammaliaii remains have 
been procured, this snb-diyision of the Manchhars has not been traced; the 
beds are poorly exposed, and it is by no means clear that in this ground, where 
the lowest Manchhars rest nnconformably on the Khirthars, the two sub-divisions 
can be distinguished by the presence or absence of nummulitic limestone pebbles. 
Several of the fossil forms, however, are identical with those found in the lower 
Manchhars to the northward, and there can be no reasonable doubt that the 
fossiliferous beds are on the same horizon. That the Manchhar beds are pro- 
bably much less developed in lower than in upper Sind is shown by the circum- 
stance that the section of the group, which can scarcely comprise less than 
8,000 to 9,000 feet of beds, west of L^rk4na and Mehar, has diminished to about 
3,000 feet at Tandra B&him Khdn, west of Sehwdn. The principal localities 
for fossils are near the G&j, where mammalian remains were first found by 
Vicary, and whence Mr. Fedden obtained several good specimens in 1876. 
Bones have also been found more recently on both sides of the Laki range, 
south of Sehwan. 

It has abeady been mentioned that an estuarine bed is found at one place 
some 300 or 400 feet above the base of the Manchhars. This is near the Nari 
Nai, north-west of Sehw^. In lower Sind, and especially near Kardchi, 
marine or estuarine bands containing oysters and other shells become of fre- 
quent occurrence in the Manchhar beds, and some of these bands contain G&j 
fossils ; so that there is to the southward the same transition between Nari 
and Qdj which has already been shown to take place between all the other 
tertiary groups. It is clear that the lower Manchhars are of the same age as the 
Gtij beds, and if, as appears certain, the latter are Miocene, the lower Manchhars 
may be considered as upper Miocene. 

This view is in accordance with the fauna, which includes only three living 
genera, Bihinoceros, Bus, and Mania ; the generic identification in the last case is 
doubtful, being founded on a single phalange, and both the other forms existed 
in Miocene times. Besides these, Amphicyon, Antkracotheriuniy Hyopotamtts, 
HyotheriiMn, some new genera related to Merycopotamius, and Dinotheritimi, are 
found in the Manchhar beds, but not in the Siwaliks, whilst the living types, 
SemnopUhecus, MacacuSy Felts, Hyaruiy Ursvs, CervtUy Bos, Cajpra, Camelus, Camelo- 
parddlis, Equus, Elephas, &c., which abound in the Siwaliks, have not been found 
in the Manchhar beds, so that, although several species, such as Rhinoceros paUnn- 
dicus, Acerotheri/wm perimense, Ohalicotherium stvalense, Sus hysudricus, and two 
species of Mastodon, are common to the two, the presence of the much larger 
number of extinct forms, most of which are typically miocene in Europe, and the 
paucity of living genera, stamps the Manchhar fauna as of earlier date than the 
Siwalik. 

Now, the Manchhar fauna, as has just been shown, occurs in the lowest 
Manchhar beds, whilst the Siwalik species are from the upper portion of the 
group. It is therefore far from improbable that the upper Manchhars repre- 
sent the Siwaliks. The lower Manchhars may represent the Ndhans of the 
Sub-Himalayas, or some of the lower portions of the Siwaliks themselves. The 
great distinction between the Manchhar and Siwalik fauna supports Mr. Lydekkcr's 
opinion, that the latter is of Pliocene age. 
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Nothing more baa unfortnnatelj been determined as to the relations between 
the Manchhar and Makr^n groups. The former has not been traced to the west 
of Cape Monze, near Elardchi ; at least no such rock conld be detected during a 
traverse of the coast as far as Sonmi^ni made for the purpose of endeavouring to 
trace the connexion between the two formations. The Makrdn group, on the 
other hand, appears not to extend much to the eastward of Hingldj, so that there 
is a break between the two of the whole breadth of Sonmi&ni bay — 60 or 70 miles 
at least. Some of the Manchhar beds near Karachi closely resemble certain 
strata in the Makr^n group, but the typical whitish marls of the latter have not 
been noticed in Sind. 

General seqtience of tertiary beds in Sind, — We have thus in Sind a great 
sequence of later mesozoic and tertiaxy rocks, in which, despite the evidence of 
great changes in the conditions under which they were deposited, and despite 
local unconformities, there is no proof of any general break in the sequence 
throughout the province. In some places, as in the Laki hills, where upper 
Miocene Manchhars rest unconformably upon middle Eocene Khirthars, there is 
no question that elevation, and in all probability denudation, took place in the in- 
terval between the two formations, but elsewhere, as to the westward in the Habb 
valley, and to the northward on the flanks of the Khirthar, the break which 
exists in the Laid hills is represented by an uninterrupted sequence of the Nari 
and Q-aj groups. At the close of the tertiaxy period, however, there is a great 
break, and the latest Manchhar (Pliocene) conglomerates are as constantly turned 
on end along the edge of the Indus alluvium as the very similar Siwalik con- 
glomerates are in the Punjab. 

The lower portion of the Banikot beds, the upper Naris, and the Manchhars 
must have been deposited near land, for they contain terrestrial organisms, and all 
are probably fluviatile deposits ; whilst the upper Banikot, Khirthar, lower Nari 
and Gdj beds are clearly marine. Of aU the marine beds, the Khirthar num- 
mulitic limestone is the most important, and it is, as a rule, remarkably free from 
admixture of sand or other indications of the neighbourhood of land, but, as has 
been shown, this limestone is intercalated with sandstones and shales in lower 
Sind, and it entirely disappears in the south-western part of the province near 
the Habb river. The Qdj beds, on the other hand, are interstratified with sand- 
stones and shales in the northern part of the province, but have a much more 
distinctly marine aspect to the southward, where limestones prevail. It is pre- 
mature to reason broadly as to the changes in the distribution of land and water 
during the tertiary period until the rocks of Baluchistan are better known ; all 
that can be done now is to point out the leading facts connected with the evidence 
afforded by the rocks in Sind itself ; but it is impossible to avoid calling attention 
to the much greater prevalence of marine conditions during later Eocene and 
Miocene times in Sind than in the Punjab area to the northward, where no marine 
beds of later date than the nummulitic limestone have hitherto been detected. 
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On the Origin of thb Kumaun Lakbs by V. Ball, M.A., F.O.S., 

Oeological Survey of India. 

In so far as the outer and lower ranges of the HiTnalayaB are oonoemed, the 
group or series of lakes described in the following pages is in several respects 
quite unique. 

To many out of the thousands who have visited the beautiful part of the 
country where these lakes are situated, the question of their origin must have 
presented itself. Doubtless, it is in consequence of the difBoulties which sur- 
round the subject, that no one has ventured to publish his observations and 
deductions in fuU. 

To Mr. H. F. Blanford, I believe, belongs the credit of having ^rst^ suggested 
in prints an origin for them. But the subject has often been discussed, and 
three or four years ago it was specially commended to my notice by one who 
has frequently visited Naini Tal, and whose acquaintance with the Alps and 
the literature of the subject led him to suspect that that lake might possibly 
have been excavated by an ancient glacier. 

Could I foresee within the next few years any prospect of my being able to 
carry on my examination of the g^und, I should not have presented this 
unfinished sketch ; but as I do not do so, I think the publication of the facts here 
given desirable, as it may facilitate the speedy final solution of the question, and 
may also hove the advantage of eliciting the opinions of experienced glacialists, 
who are unable to visit the locality for themselves. 

During a recent visit to Naini Tal, I had hoped to have been able to have 
prepared a detailed geological map of the neighbourhood of the lakes, but cir- 
cumstances beyond my control arose, which diminished my time for exploration 
by two-thirds. Though the area is not extensive, the complex and disturbed 
nature of the beds renders their true appreciation and demarcation a by no 
means easy task. Owing to landslips, and the fs/st of so large a portion of 
the basin of Naini Tal being buUt over, the accurate mapping of individual beds 
and of the trap will require much time to accomplish. 

Of the age of the unfossiliferous metamorphosed schists in which the 
lakes occur nothing is certainly known. In the account of the Geology of 
Kumaun and GarhwaJ by Mr. H. B. Medlicott' will be found such information 
as exists on the subject. Some casual observations on the geology which bear 
upon the physical origin of the lakes will be found in their places below ; other- 
wise there is no intention of giving a detailed account of the stratigraphy in 
this paper. Besides the map on the scale of one inch to a mile, shewing the 
relative positions of all the lakes, it has been considered advisable to give with 
this paper a copy of the large scale map of Naini Tal, which indicates very beau- 
tifully and with extreme fidelity the physical structure of the neighbourhood. 
. i 

^ Unleu Gkneral Strachey's remark, that an outburst of amygdaloidal trap " is associated with 
the formation of several small lakes," is intended to be read as implying cause and effect.— Quar. 
Jour^ QeoL Soc., Vol. VII, p. 29& 

* Proc As. Soc., Bengal, Jannaiy 1877, p. 3. 

s Vide N.-W. Proyinces Gazetteer, edited by £. Atkinson, Esq., C.S. 
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This series of Tale or lakes is included in the Ghhakata pargana of Knmann.^ 
They are by no means all of equal size or importance. They seem, however, to 
fall natnraUj into three classes, the members of each class having certain features 
mntually in common. So arranged, they would stand as follows : — 

Class I. — Naini, Bhim, Malwa. 
„ II.— Nankachia, Sat. 
„ III.— Kurpa, Dhobie, Saria, Snkha, Elhoorea, Ac. 

NAim Tal. — This lake, so called after a Hindu goddess, is situated about 
10 miles in from the southern slope of the hills. It lies at the bottom of a vaQey, 
which runs about north-west south-east, and is surrounded on all sides, except 
at the outfall on the south-east, by lofty ridges, which serve to give an unusual 
amount of definition to the limits of the catchment area. 

The greatest length of the lake itself is 4,703 feet, the maximum breadth 
1,518 feet,' and the elevation of the surface at high water about 6,4!09 feet above 
the sea. The principal peaks on the encircling ridges are Luria Elanta, 8,144 
feet; Sher-ki-danda ; Ulma; China, 8,568' ; Deopathar, 7,989; larpathar, 7,721. 

The China (Cheena) portion of the ridge at the head or north-west end of the 
valley is steeply scarped above, with an undercliff much concealed by talus brought 
down by landslips. It consists chiefly of shales, with which there are some quart- 
zites, and, towards the crest, there are limestones, which, so far as is clearly seen, 
may partake either of the nature of beds or veins. Passing hence round by north 
to south-east the ridge is mainly formed of shales and argillaceous schists, which 
are much contorted and broken ; but the prevailing dip is probably to south-west, 
the beds striking with the direction of the ridge. An obscurely seen trap-dyke 
seems to observe the same course. To these two facts, the dip of the beds and 
the existence of the rigid trap axis, the present form of the slope is, I believe, 
under the influence of subaerial denudation, to be attributed ; and not to the 
" friction of a glacier," as has been suggested by Mr. H. Blanford (2. c). 

It is true that there are no '' subordinate ridges and spurs," but such is not 
uncommonly found to be the case where valleys run with the strike between hard 
beds bounding softer ones, which have been eroded to form the valleys. 

Towards the end of the ridge, overhanging the Depdt, limestones, which 
are clearly seen in section to occur as irregular lenticular masses, not as beds, 
become somewhat abundant. I shall have to refer to them again presently. The 
range, on the south-west of the valley of which larpathar and Deopathar are 
the culminating peaks, is formed of massive limestones, the bedding of which 
is generally very obscure. There is also some trap, the combined rocks giving a 
very rigid and steep outline to the range, Which contrasts most strikingly with that 
on the north. 



1 Excepting Malwa Tal, which Is jnat oatside the boondaiy. 

* Theae figorea are taken from a imall table in the N.-W. Provinoea Qazetteer, Article 
** Kumaun." 

» The highest point is somewhat in excess of this elevation, which is that of the peak nearest 
to the lake. 
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All the rocks of this basin, whether shales or limestones, are singularly 
unsuited to the retention of the minor glacial marks ; and if glaciation did take 
place, it may be from this canse that no snch traces are now fonnd. 

From an inspection of the large scale map, it will be at once apparent that ' 

the head of the valley has very much the form of a ' cirque, ' as defined by ( 

Mr. Holland,! who argues with considerable force that the cirques of Norway ^ 

and Greenland aare due to glaciers. Mr. Bonney,' on the other hand, describes 
Alpine cirques, which he believes to be formed by streamlets pouring down the 
sides. It has often been remarked how some forms of our Indian alluvia 
under the operation of heavy rainfalls exhibit in miniature many of the forms 
of denudation and erosion. Among these forms, cirques and cirque valleys are 
not unfrequently met. with. Invariably, they are due not to denuding action 
from above, but to subterranesm springs or streams. To a similar cause may, 
I think, be attributed cirque-like valleys in rocks formed of loose shales and, 
to some extent, even those where the rocks are limestones. 

The accompanying section of the bed of the lake indicates a state of things 
very different from what might have perhaps been anticipated, but, however the 
lake has been formed, explanations to account for the peculiarity about to be 
described can be suggested. 

The soundings from which this section has been plotted have been taken 
from the Revenue Survey map on the scale of ten inches to a mile. In some 
cases the exact character of the bottom is given, but not in all. A knowledge of 
this character is, no doubt, a very great desideratum for the discussion of this 
question. It would be especially desirable to know the nature of the bottom all 
across the lake transversely to this line at the point where the shallowest sound- 
ing occurs. As represented in the section, the lake consists of two basins, with 
the Tnn.TiTnnTn depth nearly centrically situated in each case. They are separated 
by what appears to be a barrier. If it really be so, then it would lend consider- 
able support to the glacial hypothesis. Indeed, if consisting of rock in sUu, it 
would fedrly prove the existence of a true rock basin, thus furnishing a strong 
argument in favor of the glacial origin. Supposing it to be so, the twin basins 
might be readily explained by the hypothesis that they had been successively 
excavated by the retreating end of a glacier. Unfortunately the case is not 
susceptible of so simple an explanation, as the shallow sounding may be caused, 
not by a barrier, but by a mere hummock, which, if (as is possible, so far as is 
certainly known at present) occurring isolated by deep channels from the margins 
of the lake, would be on the other hand a strong argument against the glacial 
origin, as such an obstruction must assuredly have been swept away by a glacier 
capable of scooping out the deeper hollows. Still another view of the nature 
of the barrier or hummock, be it which it may, is possible. It may be that it is 
not really formed of rock in situ, but is merely the remnant of an ancient 
landslip. 

! ** Grqnes are large spaces excavated from the solid rock, bounded on three sides by an { 

almost semicylindrical steep mountain wall, and with a tolerably flat floor." — Qnar. Jour., Geol. ) 

Soc., Vol. XXXIII, p. 161. I 

' In making these remarks, I labour under the disad\rantage of being in camp, away from 
opportunities of reference to Mr. Bonney^s papers. 
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In the present state of our knowledge, therefore, no certain conclusion can be 
drawn from it. Bat the peculiar character of the basin still remains a subject 
for some speculation, the more particularly so when it is remembered that the 
operations of the present day must tend steadily to obliterate these features by 
the deposition of silt in the hollows. 

Passing from the lake itself to examine the nature of the barrier at the out- 
fall, we find that it is formed of a confused mass of debris, in which some very 
large rock masses, some of them ten feet in diameter, occur. Following down 
the bed of the stream, rock in situ is not met with till near the waterfall, or 
at a level which must be considerably below that of the bottom of the lake 
where deepest. I had neither the time nor means for actually ascertaining the 
eleyation of the exact point where rock in situ is first met with in the stream. 
But it is an important point to be determined. The result would, I feel confi- 
dent, completely dispose of any belief in the existence of a rock basin. 

Mr. Blanford (I, c), though he does not expressly state his belief that the 
large blocks of stone are erratics, suggests that .they may be derived from the 
limestone at the ridge at the head of the valley (Deopathar). He states that 
his " impression was that the lake was closed by a morraine." The source of 
these blocks I believe to be much closer at hand. In great part they have, 
I think, simply tumbled down from the larpathar ridge and its eastern prolonga- 
tion, where not only is similar rock to be seen m sitUf but similar detached blocks 
are found on the slopes ; one remarkably fine example being seen in the compound 
of Welham house. Others, on the other hand, may have fallen from the ridge 
to the north of the dep6t, where the already described lenticular masses of lime- 
stone occur. The remainder may, I think, have simply been eroded from their 
envelopment of shales at, or very close to, the positions where they are now found. 
Though it is convenient to speak here of these blocks collectively as limestones, 
they vary much in character, and some are highly indurated, but only slightly 
calcareous, mud stones. From these varying characters it may be possible, 
hereafter, to trace their origin individually with considerable accuracy. As to 
the other characters of the debris at the outfall, I in vain searched in it for 
evidence of a glacial origin, and am unable to point to any feature which is in- 
consistent with the idea of its having been formed by a landslip. 

Further down the valley, near JoU, some 3,000 feet or so below Naini Tal, 
I observed, when on the road to Banibagh, that the river has cut through an 
accumulation of boulders and finer debris to a depth of 200 feet or so, which at the 
time seemed to me as possibly of morraine origin. On reading Mr. Campbell's 
opinion of the same kind of deposit near Kalka, which I have also seen, I 
fear it would require stronger facts than I am in possession of to prove it other 
than diluvial. I merely mention it here in order to draw attention to the fact 
of its existence, with a view to its future examination. 

Bhim^ TAL.-^This lake is situated about 6 miles, in a direct line, to the east- 
south-east of Naini Tal. Its elevation is about 4,500 feet above the sea, or 
1,900 feet lower than Naini Tal. It lies at the bottom of a valley between two 
ranges, which strike from north-west to south-east. The northern one is largely 

So called after Bhim, Shib or Mabadeo, to wbom tberc is a temple. 
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made up of greenstone^ which I traced from the neighbonrhood of Bhawaliy 
through Bhim Tal, up to Malwa Tal. According to G^nend Strachej's geological 
map, acontmuation of the same outburst extends northwards up to Bhujan on the 
Kosi. The southern range consists chiefly of quartsdt^e and shales, and rises to 
a height of 1,300 feet above the lake. 

At the entrance to the lake, in tiliQ yesy throat ol the gorge, oocora a small 
hill, about 80 or 100 feet high, which deflects the in-flowing stream, and the 
existence of which, if it really is, as it ^pean| to be^ a stable prolongaiion of a 
spur, presents a serious obstacle in the way of a glacial theory. No one oan 
deny, I think, that a glacier capable of scooping out the lake con]d npt h^ve 
passed over, or on one side of, such an obstruction. 

The determination of the fapt, whether this hill oonsiBts, and. to what extent, 
of rocks in situ, is a pointy I believe, of crucial importi^Dpe in this enquiiy. 
Bearing in mind the vast sixe of the landslips which take plaoe in this regicm, 
no one should hastily venture an qpinim on such a point. Hy examination of 
the g^und was of too cursory a nature to iMlmit of my coming tp a final dedaion. 

The maximum dimensions of this lal^e ^j»f length &,580 feet^ breadth 1,490 
feet, and depth 87 feet. It is, tharefojce, tl^ li^rgest^ but the shallowest,^ of all 
the series hereiu described. 

Whether it be a historical &ct or not I oainnot s%y ; but it is clearly, I think, 
afa4:i that the present outlet of the lakd was not the original one. The waters 
now only escape through a sluice dose to the temple, ijirhich is situated about 
midway on the eastern side ; but thi^t originally the water found its way out 
at the southern end, an inspection of the map alone is almost ouBkient to 
determine. 

This southern end is now atopped up. by irhat appears to be the debria of a 
landslip. I was unable to examine the valley below, and the position and elevation 
of the highest rocks there remain tp be determined. At the present ontlaQ, 
the rocks in sUu are apparently at a higher leyel than the bottom of the lake ; 
but this, if it be the case, is a fiipt of no in^portanoe, if my supposition aa to the 
position of the original outfall bo correct. 

Towards the southem end of the kka, an the eastern side, there is a boulder 
deposit, which extends along the hank up to a level of perhaps 10 ^t above the 
water. The rounded blocks which it includes were possibly rounded by the 
waters of the lake when they stood at a higher level, but its appearance suggests 
a morraine origin. The most remarkable feature about it, however, is, that it is 
backed by no. high range, on the ea^t) so that, if derived from a landslip, the 
materials must havacome from the west, and, of necessity, temporarily filled up a 
portion of the bed of the lake. Aa elHewhere» my examination here was veij 
hurried, and I therefore commend this deposit to the notice of future viaxtoro. 

Halw^ Taje..— Thia lake ia sitnated about five miles, in a direct line, to the 
east of Bhim Tal; it lies in a deep valley, which strikes north-west and sonth-eaet^ 
and ifl traversed by the Kalea river, a tributary of the Gbla.' 

' Sat-tal being excepted as regards depth. 

' It is perhaps worthy of npte that the drainage of all these lakes is into the Gola rirer. 
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The elevatiotift of the parallel bonnding ranges on tiie north-east and south- 
west average upwards of 3,000 feet above the level of the lake, the height of 
which above the sea has been approximately estimated at 3,400 feet. 

The range on the north is formed chiefly of white and purple quartzites, with 
which there are some slates and shales. The dip of these beds is variable, but 
north-wedt at a low angle seems to be the prevailing direction. Much of the 
higher face of this range is steeply Scarped, but landslips abound, and have, to a 
great extent, concealed the character of the lower portions. 

The range on the south consists primarily of an axis of greenstone, which 
Btretches continuously hence from the neighbourhood of Bhim Tal. Associated 
with this- greenstone are quartzites and shales, the beds in immediate contact 
often showing' signs of much alteration and induration. Occasionally the effect 
of the former has been such as to cause the affected beds to assimilate to the 
characters of the greenstone, and to be almost inseparable from it, by mere examin- 
ation of their outward lithological structure. 

YHiat the ^xact nature of the physical relations of this greenstone may be, 
has not yet been fully ascertained ; but that it does not exist merely as a single 
simple dyke is amply testified by the fact that branches from it cross the valley 
at both ends of the lake, and are cut through by the in&lling and outfalling 
streams. 

At the head of the lake is a boulder bed through which the river cuts to a 
depth of eight or ten feet. This deposit consists chiefly of subangular fragments 
of trap and quartzite. At first I was inclined to attribute it to the effects of a 
retreating morraine. Temporarily this view was supported by the discovery of 
boulders of granite and gneiss — no hnaum source for which exists within the 
present drainage limits of the Kalsa. It was impossible, however, to overlook 
the fact that there were no signs of polishing on any of the blocks, and that those 
which have come furthest (the granite, Ac.) are well rounded and water-worn. 
Taking into consideration the professedly general character of the only existing 
geological map, it would be clearly unsafe to adopt the view that no source for 
these boulders exists within the watershed ; and this the more especially as in 
the adjoining basin of the Oola on the north the occurrence of gneiss and granite 
is indicated on the map. 

The importance of determining the source from whence these boulders have 
been derived is sufficiently obvious. If they have not come from within the 
limits of this catchment basin, then indeed it might be necessary to invoke the 
aid of an ice cap to account for their transport; but in the meantime it is 
impossible to assert that this accumulation of boulders at the mouth of the gorge 
is other than a delta of diluvial origin. 

Now as to the character of the lake itself. Its maximum dimensions are, 
length 4,480 feet, width 1,833 feet, and depth 127 feet. Unfortunately, as was 
the case with Bhim Tal, no series of soundings are available, and the form of the 
basin is, therefore, uncertain. The bounding ranges and their slopes, however, 
indicate the V (1*1^^1^) rather than the (| (glacial) type of valley denudation. 

Looking up the lake towards the course of the stream, the view just beyond 
the gorge is quite shut out by projecting spurs, which a glateier couM have scarce- 
ly failed to. modify, if not remove. 
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At the outfall, no rocks are seen in situ. The barrier, now modified hj a 
sluice, appears to be mainlj formed of debris thrown down by landslips. The 
first rock which I detected in sUu in the. bed of the stream was the already men- 
tioned greenstone, which will, I believe, prove to be at a lower level than the bot- 
tom of the lake. 

As I only had a single day to spend at this lake, I was unable to exa- 
mine the characters of the wide and unusually straight valley below the 
village of Malwa Tal (videmA^pi) ; its examination may throw some light on the 
subject. 

Naukachia Tal. — This curiously irregular-shaped lake has received its name 
from its nine comers. It is situated about one mile and a half to the south-east 
of Bhim Tal. It occupies a hollow on the slope, and is surrounded by low 
hillocks, not by pairs of distinct ranges, as are the previously described 
lakes. 

With a very narrow outfall on the north-west, its appearance, as seen from a 
mile distant, suggested its being little more than a shallow pond. And it did not 
seem to me to be advisable to curtail my already too short time at the other lakes 
by paying it a special visit. On returning to Naini Tal, I found, very much to 
my astonishment, that its depth is recorded at 132 feet, thus being the deepest 
of the series. If this be the correct depth, it renders the lake one of the most 
singular of all. Its shape, the nature of its surroundings, and the narrow wind- 
ing course of the' outfall, all seem inconsistent with the view that it is of glacial 
origin. 

Its length is given at 3,120 feet, its breadth 2,270 feet, and its approximate 
elevation above the sea 4,000 feet. 

Sat Tal. — The so-called Sat Tal, or seven lakes, are situated about the scmie 
distance to the west of Bhim Tal that Naukachia is to the south-east. They are 
surrounded on all sides by steep hills, a narrow valley, 100 yards wide, at the out- 
fall of the principal lake serving to carry ofE the drainage. What the maximum 
depth may be, I do not know ; but two soundings, which I took in the western 
arm of the principal lake, gave depths of about 58 feet. The artificial dam and 
sluice somewhat increases this depth over what it would be naturally. 

At the outfall there is a landslip, and I do not think any rocks are seen in 
situ till a much lower elevation is reached than 58 feet below water-level. 

It is scarcely probable that this group of the seven lakes was in any way 
formed by glaciers. I have seen in parts of the Central Provinces, where no 
question of glaciers can arise, denuded hollows among hills, which, if closed by 
landslips, would form very similar lakes. 

Since writing the above, I have received from Mr. Yule, of Bhim Tal, the 
accompanying plan of soundings, which he has kindly taken in the principal of 
the Sat Tal at my request. 

When it is remembered that this curiously shaped lake has but one narrow 
outlet, and that it is otherwise surrounded on all sides by hills, but without 
any considerable catchment area for a glacier to be formed and fed, the diffi- 
culty in the way of a glacial theory of origin becomes strikingly apparent. 



PART 2.] Ball: On the Origin of ihe Kumaun Lakes, 181 

The maximxun depth, it will be seen, is giyen by Mr. Yule as 61^ feet, so that 
I must have failed to hit ofE the deepest part. 

Of the smaller lakes emunerated above under class III, I have nothing to 
saj at present. Thej have not jet been specially examined. Very possibly, there 
may be in connection with them yarioas points of interest to be yet discovered. 

Conclusions. — Reviewing the whole of the facts which are enumerated above 
in reference to each of the lakes, and considering the limited zone in which they 
occur — the probability that they are all the result of one general series of operations 
impresses itself as being an hypothesis of primary importance. If one of the lakes 
then exhibits indications which seem to connect it with one particular mode of 
origin, while others of the lakes do not show such or similar indications, it becomes 
all-important to submit ihe former to the severest scrutiny. In this way, I think, 
the appearances suggestive of a glacial origin, which are perhaps strongest in 
the case of Naini Tal, lose much of their force when we find that other lakes exist 
of generally similar character, but in which the special indications are wanting. 
In the single character of the outfall barriers all the lakes agree ; opinions may 
differ as to the origin of these barriers, whether they are remnants of morraines, 
or have been formed by landslips ; but it is almost certain^ that not one of them 
consists in any degree of rock in situ, and we therefore have not the positive aid 
of a rock basin to determine a conclusion. 

There is one point geologically which links the three larger lakes together, and 
that is the occurrence of trap dykes in the vicinity of each. Now, I do not think 
it at all probable that the lakes are due to the original outburst of trap. Indeed, 
the above described fact in reference to Malwa Tal, where both the inflowing and 
outflowing streams cut through trap, renders such a view untenable. But it seems 
not improbable that, when the great upheaval and disturbance of the rocks of 
this area took place, the existence of comparatively rigid lines of trap may have 
been largely instrumental in determining the form which the surface assumed, 
and that on their flanks the soft shales, &c., may have been so much crushed 
and broken, as to yield more easily to the subsequent operations of denudation, 
thus affording an abundant supply of material for landslips, which ultimately 
served to close the valleys, and form the lakes.' Or even supposing the outburst 
of trap to have accompanied the upheaval and disturbance, its effect in deter- 
mining the subsequently established lines of denudation could not fail to make 
itself felt. 

This explanation, in part suggested by Mr. Medlicott's observations in his 
well known paper on the Alps and Himalayas,^ seems to me more in accordance 
with the known facts regarding the whole series of lakes, than any glacial theory 
can be. 



' Careful levelling can only decide this point. 

' It 18 possible that the basin of Naini Tal may be connected with some local faulting, the 
existence of which Lb implied by the sulphur spring at the outfall. That a fault occurs all along 
the centre of the valley is, however, scarcely probable, as, did one exist, it would show in the scarp 
of China, the beds forming which appear to be continuous across the head of the valley. 

' Quar. Jour., Geol. Soc., February 1868. 
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Before commencing examination, I was m jself inclined to believe in the prob- 
ability of a glacial origin ; but as my observations have aoonnmlated, I have been _ , ,^^ 
constrained to adopt the view, that the balance of evidence aTailaUe at present V/'!^^ 



A.R.SJ\|E. F.G.S., Oeohgical Survey of Iitdia, with a dbsceipmon of tkB 
FOSSILS BY Db. W^qbn, formerly Palaontoloffid to the Survey, 



is against such an explanation. At the same time, I have indicated tbat there 

still remain several points for determination, which are of ahnost craoial import* f^^ ^ a^ 

ance. Future observers will, probably, give a large portion of their attention 

to some of these questions, and, with the aid of the mi^», soundings, te., here L£u^ 

given, will be able to add considerably to tiie above data, thus affording fuller 

material, by which it is to be hoped a sound and stalde oonehision may be finally ^^ 

arrived at. 

I have only to add that it appears unadvisable at present to refer particu- 
larly here to the debated question, as to the evid^oce of the former existence of 
glaciers at low elevations in Kangra and elsewbers. 

For the present^ the two series of observations had best, perhaps, be kept 
quite separate, but their ultimate connection and relationfihip is, of course, none |^^<i 
the less obvious. I,«v 

Note on k trip ovibr thb Milam Pis», Kumaon, by Theodorb W. H. Hughes, fcw^ 






'^ 



» 



Early in August 1873, an opportunity being afforded to spend a few weeks 
in Tibet and the higher regions of the Himalayas, my colleague, Mr. Hacket, 
and I undertook to strike across from Almdra to Milam, and return by the Niti ^^ 
pass. I had once before, in 1869, berai through the Milam pass, but I was so 
distressed by constant pains when at high elevations, that I made no observations 
worth recording. A judicious preparatory training enabled me on the present 
occasion to enter the lists, and fight with fair success, against the tris^ of high* 
region travelling, and my note-book was brought more into requisition^ I /< 

The time of year at which we started was too unfavourable to make any 
other than road-side observations among the low^r hills. We were in almost 
constant rain during our first ten marches, and, however enthusiastic our aspira- 
tions in the cause of geology at the outset of each day's journey were, they could 
not vrithstand the depressing effect of recurring downpours of water, and we 
hurried to shelter as the most prudent course to pursue. It was not until we 
reached the Bh6tia village of Bilkdt, that we passed out of the region of 
rain. 

We were fortunate enough to secure a small collection of organic remains, 
which, on examination by Dr. Waagen, afforded evidence of the presence of 
several formations not hitherto detected in this region, and bringing the section 
here more into correspdndence with the sequence of fossiliferous strata estab- 
lished by Dr. Stoliczka in the North- Western Himalayas. To this extent our 
trip was a satisfactory one ; we failed, in that we made no attempt to fix accurately 
any geological boundaries. 

It is easy, however, to reduce within narrow limits the debatable border-land 
of the fossiliferous and non-fossiliferous rocks, and certain localities can be 
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sefenred to Utteir trae palaaozoio horizon. The mam iBterest of this paper is 
embodied in Dr. Waagen's remarks ; so, after a brief account of the azoic region 
from Alnu^ra northward, I will qnote them in fall, adding a few comments of mj 
own. 

We left Xhn6ra on the afternoon of the drd Angnst, and encamped for the 
•RAtfimwmr ovening at T&kli, and on the following day got into 

Big&war, a distance of 80 miles from Almdra. 
The rooks trayersed belonged to the metamorphio series, and consisted of 

. qnartzites and schists, a few slate b^ds and some lime- 
Stones, with a general dip to the north. Good slates 
ocenr in the rise dt the hiU near Billiri, and capping the hill is a great mass of 
Hmestone. 

Where the road skpes to the Sarjn ri^er^ abont fonr miles south of Big^swar, 

Boapstone appears. It cannot fail to be noticed in the 
'^ raina,^ from, the circumstance that at every step you 
take down the hill, your feet slip from uiider yon, unless great care be 
exercised. 

Between BAg^swar and Kapkdts-the next halting^plaoe, 12 n^lea distant — 

similar rocks to those already passed over occur. An 
impure bed of graphite crops out in the left bank of 
the first tributary of the Sarju beyond Bilg^swar, where 
the roadway is carried over on a wooden bridge. 
From Kapkdt we went on to ShAma^ a distance of 18 miles. The road 

leaves the valley of the Sarju at its junction with the 
B6hra, and follows the course of the liQtter river. The 
rooks are of the same character as those seen during the past marches, and have 
stiU their northerly di|x. Deposits of recent limestone are very prevalent; 
and at Khar-baggar, where the road to the Pindra glacier leaves the one we 
were travellings there is a sulphureoufl spring. 

Oar maroh to T^sam was only 7 miles, but a great deal of climbing had to be 

done, and we did not arrive until the afternoon^ In 
addition to the ordinary qnartzites and schists, and super- 
ficial deports of calcareous tofa which were very numerous, there ia a consider* 

able thickness of white dolomitio limestones, compact and 

very* fina-grained. A splendid cliff-section of them 

ocoara at the mouth of the J4nktili river, which £allB into the B&m- 

g^^g^ opposite T^zam. Another short journey of 4^ miles brought ua to 

Oirgaon, situated high up a hillside. For the first 5 miles the road runs 

along the right bank of the J^bikiUli, and more dolo- 
^'^ mite is exposed. Near GUrgaon talcose quariz-schists 

replace it. 
To Mt&nshiari,^ our next haUang-plaoe, was 8 milea The route was a very 

tiying one, owing to the number of heavy ascents and 
descents. For some way beyond Gjrgaon the most pro« 

^ Mdnshiari is not tbe name of a Tillage, bat the term applied to the whole of the villagei that 
are clustered aroand Jallat and Stiric^. 
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minent rocks are the taloose quartz-schists; bnt, beyond the ordinary break- 
fasting place, the name of which I have forgotten, highly gametif erons micaceous 
schists are common, and garnets may be picked np in hundreds in Utile depres- 
sions and amongst the roots of trees and shmbs. 

We halted one day at Mdnshiari, in order to pay a Tisit to the localities 
whence are obtained the oyoid stalactites, sold as curiosities to travellers by the 
people of Munshiari. The guide took me down to the G6ri river, and pointed 
to places in the clifEs forming the banks, and said they were found there ; but I 
failed to procure any, and I question very much whether I was shown the right 
spots. 

In the neighbourhood of Mtinshiari we began to notice a change in the 

character of the rocks ; and on our next march to Lfiam we 

Change in chaiiuiteir of , . 

rooks. saw some iypical gneiss between Dalk6t and Tala Dumar ; 

ijiigga^ dip north, at 25°. Opposite Tala Ddmfir black mica- 

schists, in some instances highly gametiferous, and horn- 
blende schists occur above the gneiss. 

From L^lam we marched to B&ghddar, and thence to Bilk6t. The road 
BAirhdAar* Riik6L kccps in the vallcy of the Gtiriganga^ and a magnificent 

section is exposed of what Dr. Stoliczka terms his central 
gneiss.^ It is traversed by granite veins, in the manner 
described by him. 

Still keeping to the valley of the GkSriganga, our next halting-place was 

BiSrfii, where we were forced to remain several days until 
a sufficient number of jabbds (half-bred yaks) had been 
collected to carry our camp stores and equipage. Bdrfu is beyond the ground of 
the central gneiss, and the rocks between it and Bilkdt are quartzites, slates, 
and schists. Near Tola I noticed an inmiense number of crystals of iron pyrites 
in almost all the beds that I examined. 

Our first discovery of a fossil was beyond the village of Milam, near Shilong, 

one of the haJting-places of the Bh6tias, in some fine 
BhuJJfg.'**"" '^"*^ "*" silidous sandstone. I think that the Strophomena aranea^ 

Salter, which is the only silurian form in our collection, is 
the specimen referred to ; but I am not quite sure, the label having been lost. 
Along the remainder of our route to the snowy passes, and especially at the foot 
of "O^nta Dhdra, we made several additions to our bag of fossils; and each 
day's journey to the frontier, and through Tibet, enabled us to increase our 
stock. 

Dr. Waagen says of our collection : 

'' The fossils brought by Mr. Hughes from the Milam pass can be attributed 
to at least five formations, which are indicated with more or less certainty by 
. . the different species. I consider as very probably of creta- 

ceous age some pieces of a flaggy yellowish grey lime- 
stone, filled with fragments of shells intermixed with entire specimens, which. 



1 Memoin» Qeol. Sarv., India, 1866, vol. V, page 12. 
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though the species conld not be determmed, yet, by the association of the genera, 
indicate with^ great probability the cretaceons formation. I worked out of those 
rock specimens — 

" Corhula^ sp., allied to, perhaps identical with, G. cancelliferay Stol. ; as, how- 
ever, only one specimen has been found, the determination conld not be made 
with sufficient certainty. 

'* Astarte, a middle-sized species, rather oblique in shape, with concentric folds 
near the apex, nearly smooth on the other parts of the shells; could not 
apparently be identified with any of the hitherto described species. This shell 
seems to fill whole beds with hundreds of specimens. 

*' PectuncuhiSf sp., a large, smooth, rounded shell, found among the Astarte^, 
The species could not be determined, but the occurrence of this genus together 
with a true Astarte indicates nearly with certainty cretaceous beds. 
" GucuUaea, sp., fragmentary. 

''The Jurassic formation is represented in the collection, by a tolerably 
JuxMri foMik. large number of fossils, preserved much in the same way 

as those found in Spiti. 
" I determined — 

Belemnites cf. hunOcoiensis^ Waagen (frag^mcnts of the guard). 
Oppelia acticinctay Strachey. 
Perisphindes freqiiensy 0pp. 

sp. (triplicaitis, Stol. nan Sow.) 
soMneanus, 0pp. 
stanleyiy 0pp. 
„ sp. 

StephanncercLS ? wallichii, Gray. 
Cosmoceras theodori, 0pp. 

„ odagomu, Strachey. 

Aucella legumdnosay Stol. 
„ blanfordianOy Stol. 
„ sp. nov, 
Peden^ sp. 

Ehynchonella, sp. (vartans, Blanf. non Schloth.) 
" The genus to which Ammonites wallichij Gray, belongs is rather doubtful, as 
no sufficiently well-preserved specimen has been found to make this point certain. 
Perisphinctes stanleyiy 0pp., is a very good species, and easy to distinguish 
from Perisphindes cavJtleyi and spitiensis, with which it has been identified. 
The new Aucella is a large rounded shell, with very few concentric strisB, but it 
is represented only by a single specimen. Nevertheless I thought it worth 
mentioning ; as the occurrence of a new (a third) species in the Himalayan Jura 
shows yet more clearly the intermixture of European and North Asiatic typea in 
these Jurassic districts. In Kachh already species of the genus Aucella are exceed- 
ingly scarce, whilst north of Milam some of the rocks aro filled with hundreds of 
Aucella legumtnosa.^* 

Almost all the Jurassic specimens just described are from the neighbourhood 
of Lapt^l. They occur mostly in concretions, in dark-looking slightly carbona- 
ceous shales, that constitute the most distinctive rocks of the formation. At 

D 
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Lapt61 the shales oyerlie limestones, and they form a trongh, which has a north- 
north-west Bonth-sonth-east strike. They extend southward as &r as the 
halting-place at the foot of the Kmgrd gh&t. 

" The different formations of the triassic period are veiy poorly represented 
.^ _. , _., in the collection, but nevertheless the materials are snffi. 

Triaaslo foislli. . . * i_ 

cient to state with all certainly the existence of these 
formations. To the upper Trias very probably be^'on^ some hard, flaggy, dark- 
grey limestones, with millions of fragmentary shells imbedded. However, only 
on the weather-worn surfaces some species can be recognised, it being impossible 
to get anything out of the interior of the rock. I am able to recognise one 
species of Monoiis, and two species of Pectens, on three different rock specimens. 
The only species determinable, however, is Bhynchonella aubtriodux, Suess. 

" There are yet two other divisions of the Trias indicated by fossils in two 
different kinds of rock. The one is represented by two fragments of Ammonites 
of the g^up of Ammonites semipartUus. They are preserved as black nodules 
in a hard, dark-grey, silky, slaty shale, which very likely belongs to the ' Muschel- 
kalk' formation. The other division of the Trias is indicated by a small 
specimen of a badly preserved CeratUe, somewhat like some species of the Salt 
Bange, and thus possibly out of some ' Bunter Sandstein ' beds. The rock in 
which it is preserved is a hard, red; crypto-crystalline limestone. 

" These few fossils, though badly preserved, and specifically not determinable, 
yet show beyond a doubt the existence of a rather complicated group of triaasic 
rocks." 

There are two geographical zones of this and the underlying series, one 
being south of Laptel, and the other north of it, in the direction of Kanch6go. 
" The next older formations, permian and carboniferous, are represented in 

the collection by a somewhat better suite of fossils. The 
foMiiT*" *"* carboniferoM jaost f ossilif erous bed is a white limestone with a great 

number of fragments of crinoid-stems, and the following 
detenninable species :-« 

" Terebratula Mmalayensis^ Dav. 

" „ subvesciculariSf Dav. 

" „ sp. nov. ? 

" Athyris roissyi, L'Ev. 

" Spirtfer cf. glaheVf Martin. 

" Ccumerophoria, sp. nov. ? 

" Produdus semireticuhtusj Martin. 



„ sp. 

<« 



Bactrynium sp. 
" Cyathophylhmi sp. 
" It is very interesting to trace how much this fauna resembles that of the 
lower carboniferous limestone in the Salt Bange ; and even the preservation of the 
specimens is such, that they could be mistaken as coming from the Salt Bange. 
Produdus semireticulatus occurs of its typical size, whilst the small form from 
Spiti, which is found also here, and quoted by me as " Produdus, sp.," is very 
likely a different species. The latter, however, has been also obtained, 
. though rarely, from the Salt Bange. 
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" The Camerophoria quoted above is a beautiful large species, which I could 
not determine for the present. The Badrynium also is interesting, which is found 
plentifully in identical specimens in the Salt Range. The genus has been de- 
scribed hj GUmbel after a very smaU species out of the ' Kossener ' beds of the 
Bavarian Alps. The zoological relations of the genus, however, are as jet 
thoroughly unknown. 

" Other beds, possibly also of carboniferous age, which, however, could not be 
ascertained by the few fossils obtained from them, have furnished : — 

Bhynchonella, sp. 
allied to Bk. acuminaiay Martin, preserved in a black hard shale, and 

Spirifer cf . striatus, Martin, 
Stringocephalus ?? sp. 
Rhynchonella T sp. 
all bad specimens, preserved in a dark liver-coloured limestone." 

The dark-coloured limestone is very probably of carboniferous age, as it came 
from the same locality as the rocks which furnished the fossils of undoubted 
carboniferous afi&nities. 

'* Of all the Silurian formations, there is only one specimen of rock in the 

collection, consisting of a bit of white not very hard 
sandstone, with manganese specks, upon which several 
casts of Strophomena aranea, Salter, are observable. " 

The sandstone in which this brachiopod occurs comes, as well as I can re- 
member, from the neighbourhood of Shilong, as already mentioned. 



SUwiufoMll. 



The following list of halting-places and distances from Alm6ra to Milam may 
be useful : — 



Name of halUn^pIace. 




1. T4kfi 

2. Bageswar 

3. Kapk6t ... 

4. Shama 

5. T^zam 

6. Girgaon ... 

7. Munshiari 

8. L^lamThank6t 

9. B&zhddar 

10. Bilk6t ... 

11. Milam ^ 



Total 



16 Miles. 
14 



Remarks. 




! No restiog-house. 
Dak baogalow, 
Dharams&la. 

Ditto. 
Scfaool'house. 
No restinK-hoase. 
Dhanun 






Cave, 

No shelter. 

Ditto. 

Ditto. 
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The Mud Volcanoes of RXmri and Cheduba, 5^ F. B. Mallet, F.G.S., 

GeolofficaZ Survey of India. 

Dnring a recent tour througli Bimri and Ghednba, the main object of wUcb 
was to examine and report on certain coal-beds said to exist in the islands, I bad 
an opportunity of visiting the greater number of the mud volcanoes, the occur- 
rence of which has long been known, and brief allusions to which are to be found 
in many standard works on volcanic phenomena and on general geology. 

The original sources of information referred to in such works consist mainly 
of a *' Report on the Island of Chedooba" by Commander E. P. Halsted,^ which, 
amongst other matter, contains valuable and, with but few exceptions, 
accurate observations both on the volcanoes, and on the elevation of Cheduba and 
the neighbouring islands which has occurred within the last two centuries. 
Besides the above, a few notes on the volcanoes of Bamri may be found in Lieute- 
nant Foley's Journal of a tour through that island, and in a paper on some coal 
which had recently been found at Kyauk Phyu.* Dr. Spry, also, has briefly 
alluded to one of the volcanoes near the last named place in his account of 
" A three weeks' sail in search of health.'" Notices by Captain J. Russell of a volca- 
nic island which rose from the sea near Cheduba in 1843 and subsequently disap- 
peared ; of a fire at sea witnessed from Kyauk Phyu in 1845, and conjectured to 
have been volcanic ; and by Major Williams of an eruption from one of the 
Kyauk Phyu volcanoes in 1846, have also been published.^ To all the above 
records I shall subsequently have occasion to refer. 

The allusions to Rdmri and Cheduba by systematic writers refer mainly to 
the fact of the mud volcanoes there being at^ or near, the end of that great line 
of volcanic vents which may be traced thence southwards by Narkonddm and 
Barren Islands, in the Bay of Bengal, through the entire length of Sumatra, 
Java, and the eastern islands of the Sunda group. By some, indeed, this line is 
considered only a portion of a still greater one which, stretching from Tierra 
del Fuego northwards, along the western fringe of South and North America, 
is continued through the Aleutian Islands, Kamschatka and Japan to the 
Phillipine and Molucca Islands. There it is considered to divide into two, onc^ 
branch running south-east through Papua, the New Hebrides and New Zealand ; 
the other passing, as before said, through Java and Sumatra, and having its 
furthest limit in Arrak&n and Chittagong.* 



1 Jounial As. Soc., Bengal, X, I84I, pp. 349, 419. 

« 2J«, II, 1888, p. 696 ; IV, 1836, p. 20. 

s Jonrnal As. Soc., Bengal, X, 1841, p. 138. , 

* Ibid., Xn, 1843, p. 1114; XIV, 1845, Proceedings for February; XV, 184$, IVoceedinga 
for November. 

* Scrope on volcanoes, p. 12 ; Lyell's principles, 10th edition, II, p. 686. There is a 'tme' 
volcano, cidled PnppA-donng, about 30 miles east of the Irraw&di, in latitude 21^ but it has been 
long extinct. It has been described by Mr. W. T. Blanford, who believes it to be el Miocene or 
Pliocene age ; more probably the latter (Jour. As. Soc-, Bengal, XXXI, 215). 
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Orograpliically and geologically, however, the islands in question, which. 
Physical features of Rimri ^^ the islets in the neighbonrhood, may be conye- 
and Cheduba. niently spoken of as the Bimri group, are intimately 

connected with the Arrak&n range of mountains, which, running from Gape 
Negrais northwards towards Manipur, forms the dividing ridge between the basin 
of the Irraw&di and the smaller rivers of Pegu, Arrakdn and Ghittagong, which 
find their way direct into the Bay of Bengal. In the latitude of B&mri this 
range attains in places an elevation of from three to nearly five thousand feet, 
the hilly islands in question constituting outliers on the western flank of the 
range. R&mri is separated merely by a narrow creek from the mainland, to which 
the whole group would be connected by an elevation of a few fathoms.* 

No map is in existence which correctly delineates the orographical features 
of these islands. The BAmri hills are disposed in very numerous, and generally 
irregular, ridges. In some cases, where bands of harder rock preserve a uniform 
dip and strike, as between Likmau and Minbain, straight and well defined ranges 
occur, but more frequently, owing to the irregularity of the strike and dip, and 
the softness of much of the rock, the hills are irregular in their direction and 
featureless in outline. There is, however, a general tendency to a direction 
approximating to north-west — south-east. Generally the rounded, jungle-clad 
ridges vary in height from one or two hundred feet to double or treble that eleva- 
tion. The hills in the southern part of the island are, on the whole, higher than 
those further north. Lieutenant Foley estimated the height of Jika, a hill not 
far from the coast, to the south or south-south-west of the town of B.4mri, at 
3,000 feet, but this requires confirmation. The highest Revenue Survey Station 
on the island is about 700. 

Between the various ridges, and stretching to either side of the tidal creeks 
by which the island is intersected, are alluvial flats which are often of large area, 
and taken together constitute an important proportion of the island. As an illus- 
tration of the extent to which the latter is penetrated by such creeks, it may be 
mentioned that, at high tide, boats of 10 or 12 fathoms length can go up the 
Minydt River to the village of the same name, which is within less than two 
miles of the western coast. 

My acquaintance with Gheduba is confined to the eastern side. Gaptain 
Halsted, however, who surveyed the island, describes the general features thus : 
'' Its general appearance and character is that of a fertile well- wooded island of mo- 
derate height, and irregular outline. A band of level plain, but little raised above 
the sea, extends around its coasts, of far greater width on the east than on the 
west ; within this lie irregular, low, undulating hills, varying in height from 50 to 
500 feet, enclosing several higher detached mounds of steep, well-wooded sides, 
the loftiest of which, near the south part of the island, rises nearly 1,400 feet."* 

The larger of the outlying islands are very similar to the main ones, on 
a smaller scale ; low rounded hills from 100 to perhaps 300 feet high rising from 
cultivated alluvial plains. 

1 Vide Admiralty Chart of Bay of Bengal, 1876, sheet 4. 

* On the map of the province of Pegn, scale 8 mile8=l inch, published in the Surveyor 
Gcncrars Office, 1856, a hill, presumably that alluded to by Captain Halsted, is marked 1,700* feet. 
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The eyidenoQS of recent eleyatios, viaible along the coast in many parts of 
,^^ these islands, are patent at a glance. The southern 

portion of Bound Island is occupied by a little 
rocl^ table-land 100 or 150 feet high, and the remainder by a plain elevated 
but a few feet above the sea. A portion of the latter is composed of rounded 
pebbles and boulders of rock, lumps of coral, sand and broken shells — 
a raised sea-beach. The remainder is an alluvial flat» formerly doubtless a man- 
grove swamp, but now occupied by rice-fields, amongst which are some large 
rocks with marine shells still adhering to them. At the northern end of 
the island there is a detached rock on the beach which strikingly illustrates 
the elevation, crowned, as it is, by an aggregated mass of marine shells, the 
base of which is about six feet above the present high tide level, and the 
upper surface covered with grass and shrubs {vide illustration). Bocks of 
a similar kind are also to be found elsewhere on Bound Island, as well as on 
Begnain, or Flat Island, to the south. A map of the latter is appended to 
Captain Halsted's paper, showing the present island to consist of three terraces 
differing from each other in level by six or eight feet, i, e., l«t, the original island 
(containing a mud volcano in its centre) previous to the elevation, which is said 
to have taken place about the middle of the 17th century ; 27u2, the island after 
this occurrence; and SnZ, the present island, the outer portion of which was 
raised about the year 1750^ according to native information obtained by Captain 
Halsted. The last elevation was accompanied by a very violent earthquake : in 
Cheduba '' the sea washed to and fro several times with great fury, and then 
retired from the g^unds, leaving an immense quantity of fish, the feasting on which 
is a favorite story throughout the island ; no lives were lost, no rents in the earth 
occurred, nor ^xe from the volcanoes of the island." It has been suggested by 
Mr. Piddington (native villagers not being very accurate, generally, as to dates) 
that the earthquake was coincident with the submarine volcanic eruption de- 
scribed as having occurred ofE Pondicheiry in 1757 ^ and, with much more pro- 
bability, by Lieutenant Baird Smith, to have been the same earthquake as that 
which partially destroyed Chittagong in April 1762, and which was felt through- 
out Bengal, Arrak&n, and Pegu.' A comparison of Captain Halsted's map of 
Flat Island with the present shore line indicates no further elevation since the 
date of his paper. 

Hig measurements show the total elevation to have been 9 feet at Foul 
Island, 50 miles south-east of Cheduba, from 12 to 22 feet in various parts 
of Cheduba itself, and 13 feet at the Terribles, west of Kyauk Phyu; the 
elevation having been greatest towards the north of Cheduba, and declining 
both to south-east and north-west. Evidences of the inequality of the elevation 
are also to be found in B^bnri. On the western coast, between Konbaung and 
Kyauk GtJ6 (and doubtless further) there is a raised beach about 20 feet above 

1 Ninety yean before 1841 according to the text, which refers to Cheduba. On the map of Flat 
Island the last elevation there is stated to have occurred eighty years before the same date, bat 
this would appear to be a clerical error; there is no allusion in Captain Halsted's paper to a differ- 
ence of ten years between the last elevations of Cheduba and Flat Island respectively. 

^ Trans. Bombay Geographical Society, X, 146. ' Jonm. As. Soc., Bengal, XII, 1090.* 
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the sea, strewn over with worn lumps of coral, and of rock bored by Ph>ladidm^^ 
whose shells still remain in the holes. But a large part of the allayial area on 
the eastern side of the island, not more than a few feet above the sea, does not 
exhibit snch evident signs of recent elevation, nor does there appear to be anj 
tradition of such large proportion of the island having recently emerged. 

The elevation at the Bardnga Islands has been comparatively slight. In one 
place, however, at the north end, I observed oysters sticking to the rock about 
two feet above spring high water mark. Further north again, the effects of the 
great earthquake of 1762 were of a precisely opposite character, large areas in 
the Ghittagong District having been then svhmerged^ 

The rocks are of a very similar character throughout the islands, consisting 

almost entirely of shale and sandstone. The former 

^^ is of different shades of gray; although sometimes 

well bedded, much more frequently it is clunchy, and not uncommonly passes 
into clay. Almost everywhere it includes numerous large irregular nodules, or 
short strangulated beds, which are more or less calcareous, and some of which 
are tolerably pure limestone. These nodules are often traversed by springs of 
calcspar. Irregular strangulated veins of the same mineral also intersect the 
shales themselves, in places, and the latter are occasionally gypseous, containing 
small disseminated crystals of selenite, which, by the weathering away of the 
shales, become scattered about on the surface of the ground. Small nodules of 
clay-ironstone are also met with in this way, but are not very common. Shales 
of the above varieties constitute an important proportion of the entire bulk of 
the rocks. 

The sandstones are usually gray or greenish-gray, more rarely yellowish or 
pure white; sometimes harsh; generally moderately fine-g^rained, and often 
tolerably hard. Sometimes they are intersected by veins of calcspar, or, like the 
shales, contain irregular nodular calcai^eous masses. Conglomeritio beds, contain- 
ing pebbles from two inches diameter, downwards (which are mainly of white 
quarts), are met with, but rarely, and of trifling thickness. 

Both shales and sandstones not unfrequently contain lignite. It occurs in 
little irregular strings, or in strangulated layers from an inch, or less, up to 
three or four inches thick, and seldom as much as a foot long. Where these are 
found they generally occur more plentifully in some beds than others, lignitiferous 
strata being interbanded with others which contain no carbonaceous matter. 
Woody structure is frequently seen in such layers, which are often merely the 
ends of stems that have been crashed flat. Sometimes the stems are only partly 
converted into lignite, the remainder being silidfled, although still black frons 
.residual carbonaceous matter. In some cases the lignite contains pyrites. Much 
larger stems than the above are occasionally met with, one or two that I saw 
being 18 inches in diameter, and visible for a lengrth of six or seven feet^ but tbej 
are &r from common of such dimensions. 

True seams of coal have also been foxmd — at Ts^mi, in the southern 
part of B4mri, where several outcrops occur, varying from one to six feet thick ; 



1 For thii determioAtioa I am indebted to Mr. W. Blanfbrd. 
* Joum. Ai. Soc., Benpil, XII, 104b8. 
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and near Pallang Boa in Ghednba. Beds o£ more or less carbonaceons sandstone 
have h^n met with in one or two other places. As I shall subsequently have 
occasion to describe these coal-seams in detail, with reference to their economic 
value (p. 207), it is unnecessary here to do more than mention their occurrence. 

Besides the above strata, some bands of limestone of considerable thickness 
are to be found, which will be subsequently more fully described (p. 221). One of 
the most important of these is near Y4nthek, where the rock bears some resem- 
blance in aspect to a coarse yellowish- white chalk, but does not mark like it, being 
as hard as ordinary limestone. It is rather brittle, breaking with a tolerably 
smooth fracture. The bedding is generally obscure, and masses up to 20 feet thick 
occur in which none is apparent. A limestone of very similar character also 
occurs near Tsinbok. In the Pagoda Hill, at the town of Bdmri, and again 
a mile or two further east, a thin band of such rock occurs interbedded with 
sandstone and shale of the usual type. South-east of Ts6tam& limestone of 
a difEerent character occurs. It is of a pale gray or grayish-white color, rather 
hard, not brittle, and instead of the chalky look of the above, has a minutely 
crystalline structure. It is very massively bedded, and there are, apparently, at 
least two bands, each not less than 25 yards thick, with sandstone between. At 
Tengbain similar minutely crystalline limestone is associated with rock of a much 
coarser grain, which in hand specimens is not unlike some varieties of limestone 
from the old metamorphic series. Such crystalline limestone, again, at A116 
Ghaung and Ts&n^ is associated with grayish chert, which is very cellular and 
rusiy on the weathered portion, and is intersected by very numerous strings of 
white quartz : some surfaces of the rock are sprinkled with little limpid rock 
crystals. Gherty and calcareous seams are irregularly interbanded with each other, 
the beds with which these rocks are associated being ordinaiy sandstones. Simi- 
lar chert, with or without accompanying limestone, is met with not unfrequently 
elsewhere, but the bands do not appear to exceed a few yards in thickness.^ 

With the exception of the limestone associated with chert at All^ Ghaung, 
which is dolomitic (and contains minute crystals of magnetite disseminated 
through it), all the limestones I have examined are purely calcareous. 

The rocks, generally, throughout the islands, have been greatly tossed about, 
the strike being far from constant, and the dip extremely irregular. Not im- 
frequently it is vertical. But owing to the softness of the shales, and their 
clunchy character, and the facility with which much of the sandstone gets 
broken up superficially, the lie of the rocks is often very obscurely seen. 

It would be certainly rash, on the strength of such a cursory examination 
as mine, to assert that the rocks throughout the islands belong exclusively to 
one series, but as far as my observations go, they do not suggest any grounds 
sufficiently strong for attempting a separation. 

The only fossils I observed Were some obscure markings in the sandstone at 
Likmau, and there is so much lithological resemblance between some of the 
tertiary groups of Burma that little can be gleaned as to the age of the 
Bdmri rocks from their mineral characters. It may be remarked, however, that 

^ Mr. W. Theobald mentions similar chert as occurring in N^g^is and nummalitic strata of 
the Pegu Division : Mem. Q. S. I., X, 300. 
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petroleum-bearing rocks oocnr throughout the islands, and that the oil-bearing 
rocks of Pegu, which are within 70 miles of Rdmri in a straight line, are believed 
bj Mr. Theobald to be nummulitic, all the known oil localities being situated 
either on nummulitic or still younger strata. 

Again, the coal hitherto found in Eastern India (Assam and Burma) is all 
either of cretaceous or of nummulitic age, the former being markedly different 
in external characters from the latter.^ That from the Bdmri Islands bears^ 
no resemblance to cretaceous coal, and is quite of the nummulitic type.' 

The number of mud volcanoes distributed over the islands is consid- 

erable, there being in Rdmri itself a dozen or more ; 
Mud Volcanoes. Distribiition. ^. i i* .i . i - /^i -i i. « ^i 

more than half that number in Cheduba^; three, 

at least, on Amherst, and two on Flat Island. I have heard of others on the- 
neighbouring part of the mainland, but have no definite information about them. 
On the opposite side of the Arrakdn Range, near Menbo, on the Irrawddi, numer- 
ous mud volcanoes exist, which have been described by Dr. T. Oldham;* and 
two are mentioned by. Mr. W. Theobald as occurring on the coast not far from 
Cape Negrais.^ I myself observed a very small one in the Bardnga Islands, 
and there are records of two sub-marine eruptions. It waa reported, on native 
information, that two volcanoes opened in the Chittagong District during the 
earthquake of 1762.* It would appear, therefore, that salses are rather widely 
distributed over both flanks of the Arrakdn Range. But those in the Rdmri 
group hold the first place in magnitude and in the violence of their paroxysmal 
eruptions. It will be observed that they illustrate, on a small scale, that distri- 
bution into linearly arranged and isolated vents which has been so commonly 
remarked amongst the great volcanoes of the earth. At Kyauk Phyu six occur 
in a line within a distance of perhaps a mile and a half along the summit of a 
low broad ridge. Two volcanoes in close proximity, or with their circumferencea 
even touching each other, occur in several cases elsewhere. 

In respect to their form the volcanoes may be divided into mounds and cwissr 
General appearance. ^esre being, however, no sharp line between the two 

varieties. The former are approximately circular, 
generally varying in diameter from 50 to 100 yards with a height of perhaps 15- 
to 30 feet ; there are, however, two exceptionally large ones in Cheduba, south-east 
of the Pagoda Hill, respectively about 200 and 250 yards across. The mounds looh 
like an accumulation of angular fragments of rock — shale, sandstone, Ac., but this 
appearance is deceptive. During ordinary times mud is ejected in small quantities, 
and during the greater eruptions, stones and mud are shot out together, the whole 
forming a sort of unconsolidated conglomerate. The wash of rain, however, scoura 

» Memoirs, Vol. VII, p. 176. 

' The limestone at Yinthek and Tsinbok (p. 221) a|qparently dmely resembles that deseribed 
by Mr. Theobald at p. 813 of his report^ and which he considers to' be cretaceous. That some of 
the BAmri rocks should be referred to this age is by no means improbable. 

* 'Vid9 Oaptain Halsted*s Map. Joum. As. Soc., Bengal* Vol. X« p. 446. 

^ Mission to the Court of Ava ; by Captain Yule, 1865 ; Appendix, p. 339. 

* Mem., Q. S. I., Vol. X, p. 119. 

* Journ. As. Soc., Bengal, XII, 1050, and Phil. Trans.^ LIU, 251. 
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the mud awaj from the snr&ce, leaving a superficial layer of fragmenis behind, 
which thus have the appearance of conBtituting the whole mass. On digging 
down a foot, or less, the true composition becomes apparent. There are often 
cracks, also, which show the mud below, sometimes in a dried, in other cases in 
a ^till pasty condition. In the centre of one of the Kjauk Phju mounds there 
was a circular space, about 10 yards diameter, where the surface crust, composed 
of fragments cemented by dried mud, was not more than 9 inches thick, and was 
intersected by numerous shrinkage cracks through which a ten-foot stick could 
easily be thrust into the soft mud beneath. The highest part of the mounds is 
generally at or near the centre, but not always. One of the large mounds south- 
east of Pagoda Hill has its summit about halfway between the centre and 
circumference. Scattered over the mounds, more commonly towards the central 
part, but sometimes at or near the edge, there are generally a few mud cones from 
a few inches to as many feet in height, with craters at the top containing more or 
less liquid mud. To these I shall allude again. 

The mounds, which are quite bare of vegetation themselves, are surrounded 
by a ring, vaiying in brefuith, but averaging perhaps 50 to 100 yards, of casua- 
rinas, not very thickly grouped, and unaccompanied by any other trees. Beneath 
them is thinly scattered grass. Immediately outside this ring the ordinary 
jungle commences. Casuarinas are only found in the islands along the sea coast 
and around the volcanoes. They prefer a saline soil, which they obtain in both 
positions. The mud ejected from the volcanoes is invariably saline, and while 
favouring the growth of casuarinas, prevents that of ordinary jungle. At the 
two large salses south-east of Pagoda Hill (and in this case only, as far as my 
experience goes) the casuarina ring is replaced by one of phcenix palms. 

The most perfect examples I have seen of the conical form of volcano are 
the two salses at Kyauk Phyu nearest the sea. One of these is about 40 feet 
high from the inner side of the casuarina ring,* with a slope increasing in steep- 
ness towards the top of the cone, where there is a crater 12 feet in diameter, filled, 
(at the time of my visit), to within 4 feet of the top, with thickish mud into which 
a stick 10 feet long could easily be thrust. The other cone is similar, but smaller. 

Mounds are commoner than well developed cones. The former would appear 
to be in an earlier stage of development. The difference in form is partly 
caused, also, by the mud ejections in the former case shifting their positions at 
different times to different portions of the mound. Thus at one of the salses 
south-east of Pagoda Hill, the largest mud craters at present^ one of which is 
10 feet high, are situated close to the edge of the mound. When such a change 
of position takes place, the deserted craters, which have not had time to attain 
any very large dimensions, are washed down by rain into the general mass of the 



1 Owing to the weathered, broken up, condition of the shule and sandstone in the low broad 
ridge on which the volcanoes are situated, it is rather difficult to distingnish the delnris of the 
former from that ejected from the volcanoes, or to determine how far the ridge has been produced 
by the latter. The summit of the last mentioned cone is 200 or 800 feet above the sea. 
Captain Halsted says that the volcanoes in Cheduba vary from 100 to 1,000 feet above the sea 
level. These elevations, however, include those of the liilly ground on which many of the volcanoes 
are situated. 
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tnound, so that the latter presentB, as before described, tbe aspect of a heap 6f 
stony debris on which only Uie more Mcentlj formed and active mud cones 
remain. On the whole, however, the ejections are generally Inore frequent, oy 
more abundant, towards the centre of the mound, which is conse^tientlj highest. 
Occasionally, however, the summit is found elsewhere. 

In the case of ihe second form, the ejections (of sufficiently viscid nlud) haVe 
remained constant to a single vent, around which the entile thJdsA of Inatter has 
by degrees been built up into one cone of regular outline. In the character of 
the ejected stones, ihe surTotinding casuarina ring, ^., the cones are quite 
similar to the mounds. 

On rare occasions the mud volcanoes are subject to paToxysnlal eruptions 
Ordinary conditions of erop- of great violence. In ordinary times, however, they 
^'^°' remain in a state of comparative quiescence. Some<* 

times action is suspended altogether, but generally a few mlid cones, from a few 
inches to as many feet high, are scattered over the motmds, in the majority of 
cases at or near the centre. The craters at the to{) contain mtld in various degrees 
of fluidity. Sometimes it is thin and watery ; in other cases thick and viscid^ 
The thin mud forms cones of very regular outline, but low inclination ; sometimes 
not more than 15 degrees : the cones produced from viscid mud, on the contrary^ 
rise at steep angles, and are sometimes nearly vertical at the top. In such cases 
they are formed, in part at least, by small quantities of niud spirted out, which 
drop back on the rim and gradually build it up like a wall. Bnbbles of 
inflammable gas rise through the mud in the craters, when they are active, in 
greater or less number. When the mud is very thick the gaS Issues with a 
peculiar 'clucking' sort of noise, and when sufficiently forcible) produces the 
spirting just alluded to. 

Besides such spirtings, flows of mud issue at times froni the cM.ters, generally 
finding an exit by breaking down the weakest part of the rim. A stream of some 
magnitude had flowed from the most northern of the Kyauk Phyu conical volca^ 
noes not long before I Visited it. Issuing froni a gap in the crater wall, with 
a breadth of 18 inches or 2 feet» it flowed down the side df the cone, with a very 
constant width. At the bottom it got into a small channel, and continued its course 
for a distance of 100 yards from its source. The streaUi well exhibited that 
canal-like form which sufficiently viscid mud assumes under sUch circum- 
stances. Owing to the sides moving more sloWly than the centre, and hence 
having more time to dry, the niud there first becoUies too consolidated to flow 
further, and forms banks between which the central portion still flows on. An 
analogous phenomenon is frequent in lava streams. '* A stream of lava,*' says 
Mr. Scrope," while flowing down any slope, will. Owing to its imperfect fluidity, 
usually be thickest towards its centre, and consequently possess a convex cross 
section on its upper surface, the sides rising as steep banks from the uncovered 
ground adjoiningt But when the supply of fresh lava from the vent diminishes 
or entirely ceases (the still liquid interior at the central part of the current 
continuing for some time to flow on, urged by its oWn weight above, down any 
slope that offers itself), the upper crust, being unsupported, will have a tendency 
to subside in proportion. Hence we often find narrow lava-streams confined 
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within banks, which they seem to have raised themselyes, and haying a cofieave 
anrfaoe in their cross section ; the sides, which necessarily cooled sooner than the 
central i>art^ preserving their thickness, and taking the form of high banks or 
ridges, between which the internal lava-stream flowed on for some time, as in 
a canal, the level of its surface gradually lowering as the supply from above 
ceased."^ 

The sources of the mud are undoubtedly the gray shales which form such 
an important part of the rocks throughout the islands* Although these are 
generally brittle and clunchy in a dry state, when thoroughly soaked with water, 
as they are seen, for instance, along the shore at low tide, they break with a some* 
what plastic mode of fracture, and are easily kneaded into mud identical in 
appearance with that ejected from the volcanoes. 

I have not myself observed the mud to possess any sensible degree of 
warmth, but I was not fortunate enough to witness any actual eruption beyond 
a mere dribble. That the mud is warm, however, at times, we have the evidence 
of Mr. Howe, who found " a hot slimy fluid" some time after a fiery eruption 
from one of the Kyauk Phyu volcanoes. Captain Halsted found mud brought 
up from a depth of 17 feet at one of the Bimri volcanoes to show "a temper- 
ature of 92® 20', above that of the atmosphere" (sic ; misprint for 92^ 20^ above 
that of the atmosphere ?). Dr. Spry also remarked that the crater of one of the 
Kyauk Phyu volcanoes, 12 feet in diameter, " was filled with warm liquid mud." 
• The ejected mud always contains more or less saline matter, which is princi- 
pally common salt. Occasionally, however, this salt is mixed with a large propor- 
tion of sodium sulphate, and contains calcium sulphate besides. It has been 
suggested that the salt is derived direct from sea water,' and Captain Williams 
even mentions having received a fish which was eaid by the natives to have 
been thrown up by one of the Kyauk Phyu volcanoes.' This idea, however, ia 
scarcely supported by the want of uniformity in the composition of the salt, and 
it is, I think, probable that the latter is derived in considerable part from the rocks 
themselves that yield the supply of mud. The intinlate connection between the 
petroleum and mud volcanoes of B4mri will be subsequently alluded to, and it is 
well known how frequently mineral oil and salt are associated. In India they 
are found together in the oil-producing tracts of Burma, Ass^, and the 
Punj&b.^ That the B&mri rocks do contain saline matter I found by examining 
the shales or clays from the oil-wells of Tsi Ching, L^taung, and Minbain, which 
when lixiviated with water all yielded soluble chlorides and sulphates in varying 
proportions. Further, it appears from Dr. 01dham*s account that the mud from the 
craters at Menbo on the Irrawadi, some 70 miles from the sea in a straight line, 
is saline also, and is largely used for the preparation of salt by lixiviation. 

Water in considerable quantity is, of course, a necessiiy for the production 
of the often slushy mud ejected by the R4mri salses, and that this in some 

> Voleftnoe8»p. 76. 

2 TnuBs. iknabay Oepl. Soc., X, 146. 

' Joiirn. Ai. Socn Bengal, XII, 834. 

* Rec. G. S. U VI, 70 : Mm. G. S. I., XII, 366 ; XI, 129. 
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cases infiltrates from the sea is by no means unlikely, but in others, where the 

volcanoes are two or three miles from the coast or any creek, it would appear not 

improbable that the water is derived from sur&Mse percolation. Saltness is a veiy 

common characteristic of mud volcanoes, as is indeed indicated by the term taUe^ 

often used for them. 

Although the emissions from the volcanoes in their ordinary conditian are 

^ , ^. of the above described insiimificant character, at 

FkroxTsm&l ernptioni. , " . . 

uncertain (and sometimes long) intervals, eruptions 
of a much more violent character take place. At such times mud and stones 
are shot out with great force and noise, accompanied by large quantitieB of 
inflammable gas, which in many cases catches fire and gives rise to a volume 
of flame that lights up the country for miles around. Of course such eruptions 
vary in intensity, some being much more violent than others. I was not fortu- 
nate enough to see anything of the kind, but there are several records of 
their ocoutrenioe. 

From one of the Kyauk Phyu volcanoes. Dr. McClelland states, that " vapour 
and flame were seen by the inhabitants of Kyauk Phyu to issue to the height of 
several hundred feet above the summit during the principal shock of the earth- 
quake of the 26th August 1833 '." This was a violent earthquake felt, amongst 
other places, at Calcutta, Agra, Nep^, and Lassa. 

On the 23rd of March 1839 a very severe earthquake was felt throughout 
the whole of Burma, during which " fires, mingled with smoke and ashes, rose 
to a fearful height ** from one of the same group of vents.' 

Mr. Howe, Marine Assistant at Kyauk Phyu, thus describes an eruption 
which occurred on the 6th of February 1843 : — " We had, last night, a most magni- 
ficent volcanic eruption. The mountain, which is of moderate height, and shaped 
somewhat like a pyramid, is about three or four miles from the station, which was 
rendered as light as noon-day, though midnight at the time. The eruption 
commenced at about 11 p. m., unaccompanied by any rumbling, but throwing up 
masses and particles of lava (jtic ; vide p. 202^ to an immense height, and presenting 
a most magnificent spectacle, visible all round the country. The weather had 
been for some evenings previous close and threatening, though the glass kept 
up, varying from 30° 12' to 29"" 98' for the last five or six days. 

" The fire gpradually went out^ and all was still again by about half an hour 
after midnight. 

" This eruption takes place, from what 1 hear, grenerally once in two years, 
sometimes annually.'*^ Subsequently — how long does not appear — Mr. Howe 
wrote, — ** The volcano is stiD in a bubbling boiling state, the orifice not larger than 
a tea cup, and there is a hot slimy fluid to be dipped up at the surface, but no 
vapour or noise is emitted, and it is otherwise quiet."* As no vapour was emitted 

1 From taUuMf lalted. 

' Report of a CommittM for investigating the coal and mineral reeoorces of India 
(1838), p. 41. 

s SiUiman's Joomal, XXXTIII, 386— British Association Earthquake Catalogue. 

* Jonm. As. Soc, Bengal, XII, 256. 

• Ihid., 621. 
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the '' boiling" spoken of was doubtless the escape of gas. The orifice mast 
of coarse have been of considerable dimensions daring the eraption on the 6th 
of Febrnary. Sabseqaently to that date, when the violent stage of the eraption 
was over, a mad cone, similar to those described above, was probably qoietly 
bailt ap over the spot» with a crater of the size mentioned. 

Between the 26th and 29th of Jaly 1843, an eraption took place "at a 
distance of about thirty bamboos " south of False Island, which a few months 
afterwards was described as follows by natives of Cheduba and Flat Island to 
Captain Russell^ commanding the H. C. steamer Ganges : " About our morning 
meal, or 7 or 8 o'clock on the morning of the first day, we heard a great noise, and 
saw fire rising out of the sea^ which continued for four days ; on the second day 
we saw a small island newly formed in the sea, between 'Flat Bock* and 
' Bound Bock,*^ about the size of the sandbank called False Island. 

*' We saw the newly formed island for a month, but could not approach it 
on account of the boisterous sea on the coast. We felt an earthquake before 
we saw the fire in the sea ; in the month of October we came out in our boats 
to look for the island, but saw nothing. The rocks, as they now lay, are of 
the same number and position as before the appearance of the new island.'*' 
Captain Bussell found two and a half to three fathoms of water ovet* the spot 
where the island had been, with a rocky bottom. The ejecta during such erap^ 
tions being exclusively mud and stones^ none but the largest among the latter 
would have any power of resisting the waves during the south-west monsoon. 

" On the night of the 2nd of Januaiy 1845,*' Ensign G. Hankin, 66th Native 
Infantry, wrote, the day after the occurrence : — " Between the hours of 6 and 7, 
a very interesting and singular phenomenon was observed off the coast of Kyauk 
Phyu. The sky on the horizon was observed to brighten up as when illuminated 
by the rays of the setting sun, except that the light more resembled the flicker^ 
ing of a fire than the gradual descent of that luminary. It continued in this 
way for half an hour or so, when all of a sudden immense volumes of flame were 
seen to issue as it were from the depths of the ocean, presenting the most sub- 
lime yet awful spectacle to the beholders. The general idea entertained was, 
that a ship had caught fire ; but this was soon dispelled by a low continuous 
rumbling, which seemed to sound from the bowels of the earth, and was re-echoed 
by the surrounding hills. Previous to thisi however, Captain Howe, the Marine 
Superintendent, had with the greatest promptitude set off in H. C. schooner 
*' Peirely^^ intending to render assistance to the supposed unfortunates of the burn- 
ing ship ; he returned without seeing anything, and it is thought that the whole 
was the result of some hidden volcanic agency; one of the neighbouring hills 
possessing that extraordinary property, and irom. which flames have been seen to 
issue before. The weather at the time was still and serene, hardly a breath dis- 
turbed the air: it was in fact, as some one observed, a very earthquaky day."' 
According to Captain Williams' account " the reflection of the flame was made 
on a dark bank of clouds, west of the station, on the track of ships from hence 

1 Not to be confounded with Flat and Round IiUnda. 

< Jonrn. Ab. Soc., Bengal, XII, 832, 111& 

' Joum. A«. SoCh Bengal, XIV, 1S45, Proceedings for Februai^. 
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to Calcutta : it flickered seyeral times as if the fire had been got under, and after 
lasting 15 or 20 minutes (saj) suddenly went out. Various were the conjectures : 
I thought it was the reflection of the sun from below the horizon, but the sudden 
light of flame was too brilliant and unsteady to be the sun's light ; electricity in 
the cloud was stated to be the cause, but this is not the season for such a cause : 
'a ship on fire,* said many; but this morning the prevailing opinion is, that 
a volcanic eruption has taken place 20 miles out to sea, similar to what I reported 
as having taken place near Gheduba. The argument against its having been 
a ship on fire is, that the flame showing so brilliant and so 'great a light could no£ 
be so suddenly extinguished as this was, the dark bank of clouds may have been 
formed of the smoke of the volcano." 

The light was also seen by Captain Siddons and others from Akyab, and from 
the H. C. schooner " ^VV^^ ^^^^ ^^ ^® Assirghar shoal (about 30 miles north- 
west of Akyab), the Commander of which ship saw '* five different times large 
masses of fires thrown up," which he supposed to be a volcanic eruption. It is 
scarcely open to doubt, however, that what was seen from the '^ 5py," at least, 
was the reflection of the fire from the bank of the clouds alluded to by Captain 
Williams, and not the flames themselves. The bearings taken from the above 
different places showed the position of the fire to have been about 7 miles 8. f E. 
from the south end of the Western BadLnga, the distance from Kyauk Phyn 
being 31 nautical miles, from Akyab 28, and from the Assirghar shoaJ 57. As 
Kyauk Phyu and Akyab are both on alluvium, it is not probable that the observ- 
ers in any case were more than 20 feet or so above the sea. Taking, therefore, 
the curvature of the earth (with refraction) into account, the flames to have been 
themselves visible at the above distances must^ with reference to each position 
respectively, have exceeded 500, 400, and 2,000 feet in height !.* 

Soundings were made within a few days of the occurrence, but no difference 
from the soundings laid down on the chart was discovered. 

An eruption, on a comparatively small scale, which took place from one of 
the Kyauk Phyu volcanoes on the 25th of October 1846, was thus described by 
Major Williams : — *' About a quarter to 9 o'clock last night, we had an eruption 
of one of our volcanoes near the village of Chein Kroong,' about three or four 
miles from this station, on the island of B4mri; it burst out suddenly with 
a slight noise, emitting a brilliant flame, which instantly went out, and again 
burst forth; this happened for fifteen or twenty times, when the flame burnt 
steadily, gradually diminishing, and disappeared altogether about daybreak, or 
a little before it, this morning : it rained heavily all the time. 

" The whole sky was illuminated brilliantly, and again suddenly everything 
was immersed in darkness during the flashes, and then sudden disappearance, 
which I can only compare to the effect, on a small scale, of a handful of oil, or any 



1 Humboldt mentionfl an eruption from a mud volcano near Baku, when the flames flashed up 
to an extraordinaiy height for three hours, and another in the same region during which the flames 
rose so high that they could be seen at a distance of 24 mi]es (Kosmos I). It is stated bj 
Eichwald that the eruptions there always terminate with a pouring out of naphtha (Edin. New 
Phil. Journal, XIV, 132). • 

s Tsi Chang ? 
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oombuBtible matter being thrown into a fire " ... "I hare hada more correct des- 
cription of the volcano to-day" : (28th) " The size of the crater is about six feet 
in diameter only, STirroanded on all sides, to some extent, with softmnd knee-deep, 
and the jhow or cassoarino trees growing around unhurt, in a regular manner as 
if planted there ; no other kind of trees near, and of course all other vegetation 
covered with the mud thrown out. It is still burning, and it is just now a place of 
resort by these superstitious people who make offerings to the Naga, the cause of 
earthquakes and volcanoes. It appears that there is no hole where the flame (still 
burning and about two feet high) issues from, it comes up through the soft mud."^ 
According to some of the head men of Tsi Gh&ng whom I questioned, the 
time that has elapsed since the latest eruption from each of the different Kyauk 
Phyu volcanoes is roughly as follows : — 

Intenral tlnoe iMt empkioa. 
Ut (most southerly) vokaao ... ... ... 17 or 18 y< 

2nd „ 

3rd „ 

4th 
5tb 

eth 

The eruptions are only sometimes accompanied by flame. Four years ago 
there was a great eruption of the 3rd volcano : the heat given off by the flames 
was then so great that the villagers could not approach near, but looked on from 
behind the shelter of the neighbouring jungle. 

There is a story well known over Cheduba and which was told to me, amongst 
others, by the Burman Extra Assistant Commissioner and by the head man of 
Kanthao Roa : although largely mixed up with fable, there would appear to be 
a substratum of fact, and it serves, at least, to illustrate the ideas held by the 
islanders themselves regarding their volcanoes. About three years ago, as it is 
said, a party of nine people from the village of Kaindi Boa, went to the Pagoda 
Hill to worship, one of the party being a man named Ngalaitk^ which means 
a turtle in Arrak4nese. On their return, and while passing over one of the large 
volcanic mounds near the Pagoda Hill, one of the men called out mockingly to 
the Nagd — a spirit in the form of a serpent that presides over each volcano — " O ! 
Nagd Ji, here is a fine turtle I have brought ; let me have some fire to cook him !" 
The offended Nagd granted his wish. Flames issued from the volcano. Four of 
the party were consumed and the remainder escaped more or less injured. The 
Extra Assistant Commissioner, while telling me the tale at Kanth&o Roa, sent for 
a woman who was said to have been amongst the number, and who was marked 
with large scars like those produced by severe bums, which she said she had 
received on the] occasion referred to. She had not, however, herself heard the 
insult offered _to the Nagd. This part of the story will perhaps strike the 
sceptical as^being open to some doubt^ but that flames did issue suddenly and 
injure the people is, I am inclined to believe, a fact. It may be observed that in 
some of the preceding records, also, the eruptions are said to have had a sudden 
commencement. 



* Joum. As. See., Bengal, Procccdiiigs for November 18i6. 
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There is a notion pievalent amongBt the islondeTB that emptioBS, from the 

volcanoes generaUj, take place more frequently dniing the rains than at other 

times of the year, an idea which oan scaroely be considered as borne out by the 

few dates of eraptum on leoord. Those mentioned above are respectively— 

Januuy Snd. 
Febmaxy 6th. 
M ifc T c h 28rd. 
July 26th. 
Angoflt 26th. 
Octbher 26th. 

A greater tendency of eruption at certain times of "the year has, however, 
been suspected to exist in some other parts of the world. It is stated by 
Dr. Horsfleld that the eruptions from the mud volcanoes of Java are more violent 
during the rainy season than at other times,' and M. Dubois de Montp6reux 
mentions that out of six eruptions from the mud volcanoes near the entrance to 
the sea of Azov, five occnrred between February and the 10th of May, the only 
known autumnal eruption having been on the 5th September.* 

The vast majority of the ejected pieces of rock are from half an ineh, or less, 

o*.^^ .x^ to 4 or 5 'inches diameter. Stones of half a cubic 

Jfijectea stoneB. _ 

foot are not very common, and those of a foot rare. 
On the large mounds south-east of Pagoda Hill, however, there are a few blooks 
containing 3 or 4 cubic feet, or more, of rock. The height to which some of the 
stones have been thrown may be gathered from the distance £rom the mound to 
which they have been scattered over the surrounding phoeniz ring. 

The ejected stones are, without exception, fragments of the various kinds of 
rock found in the neighbourhood of the volcanoes, the great mass being shale and 
sandstone. These are often penetrated by veins of calcspar, and occasionally 
contain strings of lignite. Pieces of more or less impure limestone, also, are not 
uncommon. Bits of pyrites are occasionally found, but are for from plentiful.' 

Very rarely indeed do the stones show any definite signs of alteration by heat. 
The only case I observed was that of some fragments of red shale, different in 
color from anything observed in wUu, On exposing fragments of gray shale, how- 
ever, from some of the oil wells, to a red heat over a Bunsen's burner, they 
became first dark colored and then red. Mr. Piddington mentions having received, 
amongst other specimens sent by Mr. Howe from the Eyauk Phyu volcano after 
the eruption of February 1843, a specimen which was '' gray shale at one end 
and brick-red day slate at the other, with the dark half-calcined-shale id the 
middle."* Captain Halsted alludes to *' a white stone, like chalk, found on all the 
large volcanoes, which was considered as the common greenish sandstone discolored 
by heat." The bleached-looking appearance of this rock, however, is deceptive. 

* Danheny on Tolcanoes, p. 409. 

* Geological Obserrer, p. 47S. Also Vemeiul : MAnoiNe de k SooiA;^ G^logiqne de Fnace^ 

* Spoken of aa " oopper ore" by Captain HaUted, who also mentions " silTer ore." The latter 
was conjectured by Mr. Fiddiagton'to have been marcarite, bat no specimens were forthcoming 
for examination. (Joonu As. Soc, Bengal, X, 448, 449). 

^ Joum. As. Soc., Bengal, XII, 886b 

F 
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It is merely a fine-grained, slightly calcareous, white sandstone, which I have 

observed more than once in sUu near the volcanoes. 

Mr. Howe allndes to '^ masses and particles of lava" thrown np from one of 

Tjy J i. « * . . ^ J ^© Kyauk Phyn volcanoes dnrini? the above men- 
No products of fusion ejected. . / . ^ _ . _ T® _ . 

tioned eruption. Lieutenant Foley, also, says that at 
one of the craters in the same neighbourhood " scoriaceous matter, trap minerals, 
and basalt show evidence of more active volcanic agency in times past.^" This 
statement is, however, completely erroneous. I have visited every one of the 
Kyauk Phyu volcanoes, and (knowing beforehand what had been written) &iled 
to find a single particle of basalt^ lava, scoiieB, or any other rock showing even 
a trace of fusion. The 'hard and sonorous rock resembling clinkstone, of 
a sea-green color and intersected with veins of calcspar,' found by Lieutenant 
Foley at the foot of one of the B4mri volcanoes, and conjectured by him to 
have been ejected in a state of fusion, was most probably a hard, fine-grained, 
greenish sandstone with calcspar veins through it. A rock of this kind may be 
seen, amongst other localities, on Flat Island. In another place, indeed. Lieute- 
nant Foley says ih&t " a few blocks of sandstone, and a conglomerate, consisting 
of a paste of sandstone, with enclosed nodules of a calcareous earth, lay upon 
the beach ; some of these rocks had a scoriaceous appearance, were encrusted with 
ciystals of iron pyrites, and bore evident marks of igneous origin."' 

The inflammable gas which is evolved from the volcanoes, in bubbles during 

ordinary times, and in enormous quantities during 
Gaseous emissions. <f ' t. o 

the most violent eruptions, is evidently, in the main^ 
marsh-gas, mixed probably with a varying proportion of other gases. During 
great eruptions it is not improbably mixed with the .vapor of the more highly 
volatile of the petroleum hydrocarbons, as well as, perhaps, with the heavier 
hydrocarbons blown out in a state of spray. That a certain amount of heat 
is connected with such eruptions is evidenced by the hot or warm condition 
of the mud,^ but the unaltered state of the ejecta, especially such substances 
as lignite and pyrites which woxdd undergo decomposition if strongly heated, 
show that the temperature is not very high. It is, I think, improbable that 
the gas issues during eruptions at a sufficiently high temperature to ignite 
spontaneously. The cause of its ignition may, perhaps, be inferred from the 
phenomenon frequently observed during eruptions of fragmentary ejecta from 
volcanoes in the usual sense of the term, like Vesuvius. During such times 
'* forked lightnings of great vividness and beauty" are continually darted irom the 
ascending column of stones, scori®, dust and more or less condensed vapor, the 
electricity being developed by the friction of the ejecta amongst themselves.^ 
The principle of the hydro-electric machine is very similar, in which large quan- 
tities of electricity of high intensity are produced by the issue of partially con- 
densed steam through small orifices of such form as to create considerable friction. 
From a large machine of this kind a battery has been charged in half a minute 
which gave sparks 22 inches long.^ In the case of the mud volcanoes, when 

1 Joom. As. Soc., Bengal, II, 697. * Joam. As. Soc, Bengal, lY, 28. 

' p. 196. ^ Scrope's volcanoes, pp. 22, 67. 

* Watts' Dictionary of Chemistry, II, 408. 
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qnantities of stones, and of mad, doubtless reduced to spray by the violence 
of the action, are being shot into the air, the friction of the ejecta amongst 
themselves, must necessarily produce large quantities of electricity, and it is, 
I believe, to the sparks, or lightning on a small scale, thus produced, that the 
ignition of the gas is due. The flames at the sur&ce are sufficient to account 
for the calcination of the fragments of shale mentioned above. 

It will be observed that the fire of the mud volcanoes differs from that so 
often popularly spoken of in connection with lava-emitting volcanoes, in that 
the former is due to real flames, the latter being the reflection of the light from 
glowing lava by masses of condensed vapor, or of dust and scoriae, or, in other 
cases, the light from jets of incandescent lava-drops. 

In the mound south of Kyauk-gal6 we have an instance of a mud volcano in 

Extinct mnd volcanoeB. ^ *^°«* ®^*^*^' ^^' ** "^^ ^*®' ^^^^ dormant 

condition. Instead of the usual heap of bare stony- 
looking debris, the mound is clayey at the surface and covered thinly with grass, 
with a few scattered casuarinas around. When I saw it there was one smaU mud 
cone at the centre from which bubbles of gas were being given off, but the amount 
of mud recently ejected, — i. e., covering, instead of covered by, grass, — did not 
exceed. a few cubic feet. The mound, about 100 yards in diameter and perhaps 
15 feet high, is situated on a raised beach, whose present elevation of about 20 
feet above the sea only dates back to the middle of the 16th or 17th centuiy.^ 
Previous to that time there may of course have been submarine eruptions, but if 
80, the loose ejecta must have been carried away by the sea. The present mound 
can never have been exposed to the surf, and as it is now veiy nearly extinct, 
the maximuTn length of its period of subaerial activity can be inferred. 

The third of the Kyauk Phyu volcanoes, counting from the sea, is in a still 
more advanced stage. It is a cone of low gradient, with a depression a few yards 
in diameter at the summit, containing a pool of water bordered by rushes — 
a miniature crater lake. The cone is thinly overgrown with grass, and casuarinas 
are dotted over it accompanied by other trees. After eruptions have ceased, the 
salt is gradually washed out of the debris by rain ; slowly probably on account 
of the impervious character of the mud. The cone thus by degrees becomes 
less fit for the growth of casuarinas, and more suited to that of ordinary jungle, 
which ultimately doubtless usurps the place of the former trees completely. 

I have already alluded to the position of the Arrakan salses at or near the 

^ . . . ^^ - , end of the ereat Sunda group of volcanic vents. 

Ongin of the mnd volcanoes. _„ , , ?, -w i^ j1^ j -d ti j 

The next to them are Narkondam and Barren Island, 

both of which are volcanoes in the ordinary sense of the term. 

There is of course a wide gulf between the two classes of volcanic phenomena. 
Indeed some authorities, like Dr. Daubeny and Mr. Scrope, do not regard salses 
as truly volcanic at all, g^rouping them as pseudo- volcanic phenomena. 

For the production of any volcanic cone three main conditions are necessary : 
\sbj the reduction of rock at a greater or less depth beneath the surface to a 
mobile condition ; 2n(i, a practicable vent by which such rock can be forced to 

» p. 190. 
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the snrfaoe ; and 3n2, ihe preBenee of a pOwdr oompeteat to force it ap to the 
mouth of the Tent and leaye it there to reconsolidate. In the caee of 'tme' 
Tolcanoes the mobilit j is in the vwm gained by the reduction of rock to a stato 
of fusion, the heat involyed in the process being due^ as has been shown by 
Mr. B. Mallet, to local oruBhing of the earth's cmst^ caused by the secular refri- 
geration of the globe, the interior cooling, and consequently contracting, faster 
tilian the exterior, which is thus subjected to tangential thmste.' The force by 
which the laya is ejected is the pressure of steam raised to a high temperature 
by heat derived from the same source as that which fuses the rock.^ 

In the case of salses the mobility is produced by reduction of rock to a 
stete of mud, either by partly chemical, or by purely mechanical means.' The 
ejecting force is sometimes the pressure of steam ; in other cases, including the 
Arrakfin salses, it is, mainly at least, that of gaseous hydrocarbons. 

Amongst the most prominent examples of steam mud volcanoes are those in 
New Zealand, described by Dr. Hochstetter, where are orators filled with boiling 
mud from which steam escapes explosively at intervals, accompanied by sulphuric 
acid and other gases, to whose action on the lavas underground Dr. Hodistotter 
attributes the origin of the mud.' Of a similar character are the boiling mud 
volcanoes of Iceland, which have been described by Professor Paij jull, Captain 
G. S. Forbes, and others. Such also are the mud volcanoes of the Colorado 
desert. From some of these " the steam rushes in a continuous stream, with a 
roaring or whizsing sound, as the orifices vary in diameter or the jete differ in 
velocity. In others the action is intermittent, and each recurring rush of steam 
is accompanied by a discharge of a shower of hot mud, masses of which are 
thrown sometimes to the height of a hundred foot.'** 

In all the above cases the mud oones are in the closest relationship with 
existing, or but recently extinct, phenomena of volcanic fusion ; the mud is pro- 
duced by chemical action of acid gases on volcanic rocks, and the steam is 
generated by the heat which originally fused, these, or by heat which has been 
produced in the same way. The heat required, however, is of a much lower 
degree of intensity, and hence such steam mud volcanoes may long outiive the 
immeasurably grander phenomena of the lava-emitting period. It is of course 
necessary that the springs should be hoiUngj steam at considerable pressure, but 
whose force is dissipated at the vent, being the power involved. A spring of 
water merely, whether hot or cold, bearing a certoin proportion of mud to the 
surface, would be equally capable of carrying it away from the mouth of the 
vent, so that although a deposit might be formed, it could not be in the form of 
a crater-bearing cone. 

The volcanoes of Bimri belong to a different class. There the mud is not 
produced by chemical means, but l^ mere mixture of shale and day with water. 
The ejecting force is evidently the pressure of gas, which is in large part^ at least, 



1 Phil. Trans., 1878. 

* In both fusion and mad Toloanoei mobility is conferred on a certain proportion of lOok by 
mere breaking np sufficiently small to admit of ejection along with the fluid materials, 
s 'New Zealand,' pp. 401, 482. 
4 smiman's Journal, XXVI, 298. 
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light carbnreiied hydrogen, mixed perhaps with the vapor of the most yolatile 
liquid petroleum hydrooarbons.^ Bubbles of this gas are given off from the mud 
oonep in their ordinary state, as well as from most of the petroleum wells» 
There are two of the latter at L^ung, about 25 and 40 feet deep, from which 
the issue of gas is so considerable that it can be heard bubbling u^ when standing 
some yards away from the mouth. I roughly guessed the amount at a cubic foot 
evety few seconds, and the villagers say that the well has been in its present state, 
without diminution of either oil or gas, for many years* Here the gas is being 
continuously and quietly evolved. The quantities that (having probably gradually 
accumulated in fissures during long periods) are suddenly liberated during violent 
eruptions of the volcanoes, may be inferred from the foregoing records. 

Becolleoting the great tension at which quantities of gas are often stored 
up in coal mines, and the force with which it escapes from the ^ blowers * 
there, as well as ftom many bore^holes in the oil regions of America and else- 
where, it is not difficult to conceive that in some cases gas mud volcanoes may 
be caused, where the other necessary conditions are present^ by the pressure of 
gas due merely to its continued slow generation from carbonaceous matter at the 
normal temperature of the strata at moderate depths. But given certein coal- 
or lignite-bearing rocks, producing oil and gas ; if they are situated on a line 
of volcanic heat (although of low intensity, insufficient to fuse, or materially 
alter, the rocks accompany such carbonaceous matter), the tension of the gas 
and vapor may, doubtless, be greatly increased by the larger proportion of gas, 
compared to that of oil, produced at the higher temperature, and by the increased 
tension due te a higher temperature, where gas is stored up in a fissure of given 
capacity. In this connection the difference between the petroleum of the 
Irrawidi valley and of B&mri may be noticed. The mud volcanoes of the 
former region have been described by Dr. Oldham as very sluggish, and as never 
exhibiting the fiery paroxysms to which those in Bdunri are subject. At the same 
time the oil is dark colored, is as thick as treacle, or even solid, at 60° F., being 
indeed often spoken of as ' Bangoon tar,' and contains paraffine to the extent 
sometimes of mora than 10 per cent. The B^unri oils are associated with much 
gas, and are themselves sometimes as transparent and light colored as brandy. 
They have a lower specific gravity than the above, and at 60® are perfectly 
mobile. Without venturing to assert that the above differences are due to a 
difference in the temperature at which the oils have been produced,* it may 
be noticed that at Baku on the Caspian, where there are mud volcanoes 

* Whether the temperature of the emitted gasee from the B^mri ealaef is ever niffidently 
high to allow of steam playing any important part is a qaeetion as yet nndetermined. Amongst 
other mod volcanoes which are intimatelj connected with petroleom may he mentioned those of 
Java; those near the eastern shore of the Oaspian; at Bakn; and near the entrance to the sea of 
Ainv ; those near Qiigenti in Sicily; and along the northern flanks of the Apennines hy Modena 
and Parma, and those in the Island of Trinidad. 

' The oocnrrenoe of fragments of mialtered lignite amongst the ejecta from the BImri 
volcanoes, although one amongst many indications that the sobterranean temperatnre is far 
hdow that beneath fusion volcanoes, does not necessarily prove that the temperatnre may not 
he considerably above the normal one for the depth, as such firagments may have been torn from 
the upper part of the vent 
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Bubjeot to fiery emptions, similar to those of B&mri, the oil is in part 
of the same pale transparent kind, and is accompanied by immense quantities of 
gas. Abich found the temperatore of the soil there to be ^9** F., of the 
naphtha 62'5^ to 66^, and of the gas-springs 68'5'', and Bischof considered that 
" the low tempdratores above given of the exhalations of Abscheron, where 
volcanic action in the depths might be conjectured, exclude the notion that heat 
has any share in their formation.^ " Eichwald, however, arrived at a different 
conclusion. " Near to Baku," he wrote, " about one-fourth werst from the 
perpetual fire, a heat rises out of a fissure of the shell-limestone, which is so 
strong that the hand can scarcely bear it : hence, from all these circumstances, 
we can scarcely doubt of the existence of a subterranean heating process- in 
the peninsula of Abscheron."' Sir B. Murchison, also, has expressed the opinion 
that the mud volcanoes of the Caucasus " have a deep seat, and are as directly 
connected with internal igneous agency as any other geological phenomena of 
eruption.* " 

The evidence is clear as to the intimate connection of the Bimri salses with 
Connection between paroxys- seismic phenomena at least. Out of the few eruptions 
mal eraptions and earthquakes, of which accounte have been printed, three certainly, 
and probably four, were synchronous with earthquakes. During the prin- 
cipal shock of the violent earthquake on the 26th August 1833, it is stated 
by Dr. McGlellaod that flames issued to a height of several hundred feet from 
one of the Kyouk Phyu salses. A similar occurrence took place during the 
earthquake of the 23rd March 1839. The submarine outburst near False Island 
of the 26th July 1843 was immediately preceded by a like disturbance. Further, 
during the great earthquake of 2nd April 1762, two volcanoes are said, to have 
opened in the Ghittagong District. If these really were volcanoes, and there seems 
no reason to question it^ they were doubtless of the same dass as those in 
lUimri. The connection in some cases may lie in the shock sufficiently loosening 
the superincumbent rock to allow the pent-up gas to force a passage : in others, 
it may perhaps be due to a diminution in the size of the fissure, either moment- 
arily during the passage of the wave, or permanently from a partial filing in 
of the sides. In either case a sufficiently increased tension of gas might be 
produced to bring on an eruption. It is noticeable that during the earthquake 
in the last century, when the islands were elevated several f eet» no eruptions 
are recorded, and it is specially mentioned that none took place in Gheduba. In 
the Ghittagong District, during what was probably the same earthquake, the 
ground was depressed, and two new volcanoes are said to have broken forth. 

Besides the mud volcanoes in the various localities along the flanks of the 

Arrakin Bange, mentioned at page 193, the only 
^^d YolcanoeB elaewhere in pj^enomenon of the kind in Eastern India that I am 

aware of occurs in Upper Assam. It is thus described 
by Gaptain Hannay : — " At Namtehuk Path&r, near the mouth of the river, the 
petroleum exudes from the banks, and a bed of very fine coking coal runs across 
the bed of the Namtehuk. The hills here are also intersected by ravines, and in 

^ Chemical Geology, 1, 262, 257. > Edin. New Pha Jonrnal, XIV, 182. 

' Biusia and the Ural Moantains, p. 576. 
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one spot an extensive basin or hollow is formed at some height, which containa 
muddy pools in a constant state of activity, throwing out, with more or less 
force, white mud mixed with petrolenm. This is indeed a strange looking place, 
and I am told by the Singphos that at times there is an internal noise as of 
distant thnnder, when it bursts forth suddenly, with a loud report^ and then for 
a time subsides.^ " 

On the borders of Western India, in the Beluchist&ni District of Lus 
(north-west of Karachi), numerous mud volcanoes are scattered over a large area. 
They have been described by Captain Hart,' and subsequently by Captain Robertson'. 
A copy of one of the latter officer's sketches may be found in Lyell's Principles 
of Geology. Although some of the cones there would appear to be on a larger 
scale than those in the B&mri group of islands, no mention is made of violent 
eruptions, either with or without flames,^ nor of ejected stones. In one case, 
indeed. Captain Hart specially mentions that the entire cone is of mud, without 
stones. If eruptions at all resembling those of the B^mri salses had taken place 
within the memory of the then existing generation, the above observers could 
scarcely have failed to hear of them. It would seem as if the cones have been 
raised by emissions of mud, insignificant individually, but continued during lengthy 
periods, or else that the period of violent eruptions is over, and that the stony 
ejecta have been covered by the later more tranquil emissions of mud alone. 



On the MnrsRAL besotjbces of BImri, Chsduba, akd the adjacent Islands, 

hy F. R. Mallet, F.G.8., Oeohgicdl Survey of India. 

In 1877 the existence of coal in the southern part of R&mri was brought 
^ . to the notice of Colonel Sladen, Commissioner of 

Arrak^n, by Mr. W. Savage, who had examined the 
coal-bearing locality, and who forwarded a short memorandum on the subject. 
In this he described the excavations he had made at Tsetam&, and pointed out the 
favourable position of the coal with regard to water carriage. The Hon creek, 
Mr. Savage remarked, is navigable for boats of 6 or 8 tons to within a quarter 
of a mile of the coal, while the mouth of the same creek is open to vessels of 
500 tons. Specimens of the coal, sent to the Geological Museum, proved on 
assay to be of passable composition. Subsequently I was directed to visit the 
islands and examine this locality, as well as any others in which indications of 
coal had been observed. 

Previously to my visit, Mr. Duke, the Deputy Commissioner, had issued 
instructions to the Tehsild&rs to send information, accompanied by specimens, of 
any coal-like substances known to occur in their respective townships. Altogether 

> Jonrn. As. Soc., Bengal, XIV, 819. ' Trans. Bombay Geograph. Soc, 11, 87. 

' Jonmal Bombay As. Soc., Ill, 8 (Janoary 1850). 

* Oaptain Robertson mentions that a lighted stick held over an apertnre from which babbles 
of gas were escaping prodnced no effect. It would be somewhat rash, howerer, on the strength 
of this solitary and somewhat roagh experiment, to assnme that the gas generally is non- 
inflammable. 
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Wot of Ttatamk 



Bpecimens were receiyed from eight different plaoes^ all of whicli I -went to. 

The ooal at fiye of them, however (vur., Phamngjiiaii laland, about 10 miles 

nortii-eaet of Kyauk Phyu, Then Channg, E&ngautan, Thitpoktatuig and Senga), 

turned out to oonaist merely of kntioalar neats of lignite, or of stems, portlj 

carbomaedand portij ailicified»8neh as have been desoribed in the foregoing paper 

(p. 191). As sources of fuel they are of course perfectly useless, and do not need 

any further remark. The ooal at Tsetaml^ and near Pallang Boa in Cheduba was 

found to occur in troe beds. As I have already briefly sketched the geologioal 

character of the BAmri strata, I may here proceed at onoe to describe the 

ooal itself. 

The locality where the best seams, hitherto found, outcrop is rather leas than 

a mile west-10°-north of Tsetami village. In the 

bed of a small nulla, at a spot some 30 feet above the 

foot of a range of hills, which are a few hundred feet high, and composed of 

sandstone and shale, the following section (given in descending oirder), was 

exposed by digging :--- 

Ft In. 

Grty shale, seen . . .80 

Cwili with two or three thin partings of earhonaceons shile 6 

Brown shak^ seen .16 

Dip sonth-aif .west, at about Sa*" 

Fifteen yards lower down the nulla there is another outcrop, of which the 
section is as follows : — 

Shaly sandstone^ seen 

Shaly ooal 

Carbonaceous shale 

Coal 

Ourbonaceous shale 

CoaL 

Qray shale, seen 



Ct>a2 in 
Gurbonaceoos shale 



?t 


In. 


8 


Q 





8 





1 





4 





8 


1 


1 


2 





2 


1 





4 



2 



Thickness of seam 
Dip west, at W. 

The coal in both seams is somewhat shaly looking as a whole, although some 
lajers are much better than others. It is strongly laminated ; and this, combined 
with jointing, causes most of it to break up small. The greater portion cannot 
be extracted in lumps. Some improvement in this respect might, however, be 
hoped for at a greater depth, with respect to freshly raised coal, but such ooal 
woold probably not admit of storage for any length of time without deterioration. 
The above outcrops remind one much of those of the inferior coal seams in 
Upper Assam, which there is some reason to believe are of the same age. I 
have shown in another report^ that some of the coal there when freshly raised 
from a moderate depth is hard and firm, but falls to pieces after being exposed 

for a time. The specimens sent by Mr. Savage underwent a similar deterioration 

I  ' ■■..,-.-.■ ... —  ^ ' -  , , , .,  

1 Mem. G. S. I., XII, 846. 
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within two or tliree months, due mainly to the production of minute crystals 
of copperas from oxidation of the pyrites in the coal. 

Several pits were sunk by Mr. Duke's orders on the hill side a little above 
the nulla. Coal was obtained in some of these ; it, however, probably belongs to 
the same seams. The strike is veiy irregular. 

A little below the 2' h" seam there is one of very fair coal ; but it is only 
about a foot thick. 

On a low hill north-east of Tsetama, or about a mile and a half east-north- 

east from the last localiiy, the following section 
North-eut of Tsetanu. . 

was exposed: — 



, 


Ft. 


In. 


Brownish shale, seen 


2 





Carbonaceous shale 





7 


Brownish gray shale 





1 


Carbonaceous shale with some eoal 





7 


Grajish shale^ seen 


1 


6 


Dip south-d(f -west, at Bff, 







Near to this there is a spot where fragments of ooal are strewn about, and 
from which, the villagers with me said, Major Williams had dug some coal 
about 30 years ago. His excavation is, however, now filled up, and after several 
attempts I failed to unearth the outcrop. 

In a small stream descending the hill north-east of PaUang Boa, in the 
_^^ southern part of Cheduba, three spots were pointed 

^ out to me about 30 yards apart. In one of these 

was a bed of coal 2' 6' thick, with brownish gray shale above and below it, 
dipping east-20^-south at 40^. It is similar in appearance to the brittle coal at 
Tsetam&. In the second spot there was merely a few inches of carbonaceous 
shale, and in the third two or three feet of a more recent sandstone containing 
angular fragments of coal similar to that in the 2' 6' seam. 

Discoveries of coal have also been reported from more than one locality else- 

So th of Ftaffoda H'll where. Thus Captain Halsted in 1841 described 

a seam which occurs less than a mile from the beach 
to the south of Pagoda Hill. It dipped at a high angle and was three and a half 
feet thick, but appears to have been carbonaceous sandstone rather than coal. 
Captain Halsted " could not make it ignite, it only smouldered."' 

Coal was also reported from near Kyauk Phyu in 1833, and some excavations 

IT 1. ni. made to expose the outcrops. One seam is described 

Near Kyauk Phyu. , . , _. . i -_ • • i x * x 

as bemg nearly vertical, from six inches to a foot 

in thickness, and as containing much pyrites. Coal was found in one or two 

other places also in smaU quantity, but the descriptions given lead one to suspect 

that it was nothing more than carbonized stems.' 

A spot was pointed out to me at the north-west comer of Tongreh Island 

(about 10 miles north-east of Kyauk Phyu), from which some black stuff had 

been brought. It had been dug from an irrregular bed, three to six feet thick, of 

' Jonm. As. Soc., Bengal, X, 444 

'^ Jonm. As. Soc., Bengal, II, 595 ; X, 144. 
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carbonaceous sandstone, containing perhaps 15 per cent, of combnstible matter. 
As fuel, it was of course quite useless. 

It wiU be seen, then, that the indications at Tsetam^ are much more promising 
Prospect of working Tietami ^^^^^ those anywhere else, and it remains for me to 
coal. give my opinion as to the prospect of successfully 

working the coal there. 

I have already pointed out that, like that of Upper Assto, it may be divided 
into hard and soft coaL The former is unweathered at the outcrop and can be 
extracted in large pieces. But only one bed, a foot thick, has been discovered of 
this kind. The soft coal is broken and crumbly at the surface, but may improve 
at some depth. Such coal, however, would not be likely to admit of storage for 
any length of time without deterioration. 

The following assays have been made to determine the composition :— 



Seam. 



Tsetamil (sent by Mr. 

Savage). 
6 feet seam, Tsetami 
1 foot seam, Tsetama 
North-east of Pallang Boa 



Fixed 
carbon* 


Volatne 

matter 

(exdosiTe 

of water). 


Hygroioo- 
pio water. 


Ash. 


436 


28'8 


8-4 


19-8 


88-4 


28-9 


14-6 


181 


48-6 


8S1 


108 


7-6 


361 


28-7 


16-2 


190 



Caking 
Iffoperties. 



Cakea very 

slightly. 
Does not cake. 
Cakes. 
Does not cake. 



Color of aah. 



Reddish gn.y. 

Ligrht gray. 
Red. 
Pale red. 



The average composition of R&niganj coal, deduced from the assay of 31 
samples, and of coal from the Sauktoria seam, which may be taken as a fair 
example of the best class of R^niganj coal, such as is supplied to sea-going 
steamers, is as follows^ : — 



Average 
Sdnktoria 



Fixed oarbon. 



53-20 
61*40 



Volatile matter 
(txeloiiTe of water.) 



26-83 



23*20 



Hygroecopic 
water. 



4-80 
2*20 



Aeh. 



1617 
1820 



It will thus be seen that the iUmri coal is decidedly inferior to the B&niganj, 
and experience of nummulitic coal elsewhere shows that no marked improvement 
in composition can be hoped for at a greater depth from the surface. 

The quantify of coal to be expected depends mainly on the thickness of the 
seams, their continuily and number. There is at least one known of sufficient 
thickness for convenient mining. With regard to their continuity, it would be 
hazardous to express any definite opinion. No natural sections are available by 
-which any of the seams can be traced along the strike, and the attempt to do so 
by excavation would be a work involving a far greater expenditure of time and 
money than my instructions would have warranted. Disappointment has before 
now been experienced in Pegu in attempting to work similar coal, which on the 
original outcrop seemed to hold out good prospects of success, but which was 



» Rec. G. S. I , vol. X, 166. 
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fotmd on ixial to die out rapidlj.^ On the other hand, the seams of nnmmu- 
litic coal in Upper Ass&m have been traced in several cases for long distances. 
As for the nnmber of the B&mri seams, there is of course a possibilitj^ of other 
beds being discovered, better perhaps than any at present known, but the natives 
of the locality, intimately acquainted with their jungles, say they possess no know- 
ledge of any others than those described above. To search for outcrops at ran- 
dom in a country where the rocks are so obscurely seen, and without a map,* would 
be mere waste of time. But I think it may be predicted with some confidence that 
coal will not be found in anything like abundance. Where rocks are tilted up on 
edge, like those in question, any seams included in them must necessarily be cut 
through by streams running across the strike, and, in such cases, if the coal exists 
in any quantity, ample indications of its presence are generally afforded by the 
fragments, and often large lumps, washed down. But nothing of the kind is to 
be found amongst the shingle of the main streams near Tsetama, which drain 
many square miles of country. 

With reference to the extraction of the coal, the high inclinations of the seams 
would preclude quarrying on any but the most insignificant scale. The coal 
could only be raised in any quantity by mining, and mining in seams with such 
high and irregular dips would not be of the simplest kind. 

Altogether, then, the prospect of successfully working the coal is not promising. 
Assuming, even, that the quantify is sufficient, the difficulty of mining it would 
necessitate a skilled European manager on a good salary, and to cover that 
expense a considerable quantity of coal must be raised. But the local demand is 
trifling, and beyond the sea, the mediocre quality of the coal and the expense 
of mining it, would, I am of opinion, prohibit its competing on even terms with 
the easily-mined and superior coal from B&niganj. Sea-going steamers, with 
Bengal and English coal at command, would certainly not take such coal as that 
which has hitherto been found in Bimri, and 1 do not think it could be raised 
at such a price as to find a market even for local purposes at Aky&b. 

In the preceding paper I have alluded to the connection between the mud 

volcanoes and petroleum, and to the difierenoe be- 
tween the oils of B4niri and those of the Irraw^i 
valley. In as far as one can form any definite idea from mere description, the 
oil-bearing rocks in both regions would appear to bear considerable resemblance 
to each other,' and it has been stated by Mr. W. Theobald that they are cer- 
tainly of the same geological age.^ I think it can scarcely be doubted that the 
Hgnitiferous beds of B&mri and Gheduba are the true oil-producing as well as 
oil-bearing rocks. 

In the Baranga Islands, however, although the oil is of the same character as 
that from Bamri, a marked difference is apparent in the rocks from which it 
issues. These are shales and sandstones of very constant character, without 

* Selections from the Records of the Ooyemment of India (Home Depurtment), Ko. X, p. 99. 
^ The revenue map does not even profess to mark the hills or streams. 
' Mission to the Court of Ava, p. 312. 
< Mem. G. S. I., X, 163. 
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the irregular calcareous nodiiles and nodular mafises which are so generally 
charEhcteristic of the beds in B&mri. I have never observed any appearance of 
either calcareous or carbonaceous matter amongst them. The shales are gray, 
brittle, sometimes slightly unctuous, often more or less arenaceous ; they are fre- 
quently somewhat clunchy. The sandstone is generally gray or greenish-gray and 
tolerably fine grained, and is interbanded with the shale. The strike of the rocks 
is extremely regular, often running in a straight line for miles, and indeed vaiy- 
ing little from end to end of the islands. The strata are thrown up at high in- 
clinations, generally dipping at angles between 60 and 90 degrees. I am inclined 
to believe that i^e calcareous and lignitif erous rocks are rolled up with the above, 
and that it is from the former that the oil is originally derived in the Bar&ngas 
as well as in B4mri. It is true that they do not appear in any part of the 
Bar&ngas that I have visited, but my acquaintance with the islands is very 
limited,^ and it is not impossible that, owing to less capabiliiy of withstanding 
denudation, they occupy the submarine areas between the islands. The similar- 
ity of the rocks in the three Barftngas, and the observed dips, lend some little 
support to the idea that the Phadu and Chengdamma channels may mark the 
position of anticlinal bends with a synclinal between in the position of the middle 
island. 

The digging of oil wells appears to have been carried on by the inhabitants 
of BAmri and Gheduba for a long time past, and at the present time such wells 
are worked in numerous localities. None of them, however, haye been sunk to 
any great depth, and the scale on which the industry is conducted is compara- 
tively trifling. It does not appear to be in the hands of any special class. About 
the end of December, or early in January, when the rice crop has been harvested, 
and the villagers have spare time on their hands, some of them take to well-dig- 
ging as a means of adding to their income. The oil season lasts from that time 
till the rains, when the wells, which are most frequently sunk in, or close to, the 
bed of some nulla, get filled with water, and are often choked up entirely by 
debris washed into them. 

The wells are of two classes — ^those which appear to be in communication 
with a natural reservoir, from which the oil, generally accompanied by large 
quantities of gas, rises with considerable rapidity, and those sunk in rock more 
or less soaked with petroleum from which the oil slowly exfiltrates into the well. 
The latter case imitates on a small scale the process which has been going on 
for ages on a large one in the case of the natural subterranean fissures. 

To the former class would appear to belong the wells at L^ung near the 
western coast of B4mri. One of these is about 25 feet deep and 4 feet square. 
It is lined with wood throughout, so that the rock cannot be seen. At the 
bottom is water covered by a stratum of oil, through which a rather large 
quantity of gas bubbles up, chiefly from one comer of the well. The oil is 
drawn morning and evening, and the yield is said to be 15 bottles each time : 
much reliance, however, cannot be placed on figures supplied by the owners or 
lessees of the wells. Another well of the same kind, about 200 yards north* 

^ It is said that lignite haa been found on the Eastern Baringa, but the exact locality ia 
unknown. 
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west of the above, is about 40 feet deep, with water and oil at the bottom, which 
seems to boil gently from the issue of gas. The yield is said to be about 
25 bottles twice a day. I was told that these wells have been in existence since 
the time of the Burmese domination, and that the yield of oil has not diminished. 
I am unable to say whether this statement is correct. The yield of oil, however, 
is only a few gallons a day, a quantity that a large reservoir, tapped only by a 
small duct leading to the bottom of the well, might supply for a very long 
period. The locality is worth notice. Close to the north-westerly of the above 
wells a new one was being sunk, in which the rock below the surface soil was a 
gray clay with a tendency of a peculiar kind of irregular flakiness. The strike 
cannot be seen, but to the north-east of the wells there is a ridge (doubtless 
as usual parallel to the strike of the beds composing it) running north-west — 
south-east, or parallel to the direction the wells bear to each other. It is 
noticeable that the clay from some wells that were being sunk last December 
at the village of Tsi Gh&ng (near Eyauk Phyu) was of a character similar to that 
at the L^taung wells, and that the oil was of a similar kind also, both in cplor 
(a pale yellow) and in specific gravity. 

The not unfrequent fieiy eruptions from one or other of the mud volcanoes 
occurring in a line near Tsi Ch&ng leave but little room for doubt that there is a 
fissure beneath them, in which large quantities of gas are generally stored up, 
and it is at least highly probable that a considerable quantity of oil is associated 
with the gas. A lucky boring might strike a spouting reservoir of great capaciiy, 
but of course such an undertaking would be of a speculative kind. There are no 
data to determine at what depth the oil is stored, nor what the inclination of 
the fissure may be, whether vertical or at a greater or less angle. A boring 
therefore sunk actually along the line of vents might miss it altogether. A few 
holes, however, sunk in a line at right angles to the line of vents, could hardly 
fail to strike it if sunk sufficiently deep. The experiment would certainly be 
an interesting one whether rewarded with success or not. 

Gas is stored beneath the other active volcanoes also, bat the linear arrange^ 
ment of the Eyauk Phyu vents gives a better clue to the direction of the fissure 
than is obtainable elsewhere. 

The wells in the southern part of the eastern Barfinga, from which Mr. Savage 
has recently obtained such encouraging results, are evidently of the class now 
alluded to. They are sunk in gray shale which splits with a rather smooth 
fracture having a slightly unctuous feel. The bedding is very nearly vertical. 
It appears from the official correspondence on the subject that " Mr. Savage 
dug two wells about 500 feet apart, and then commenced boring. On the 
25th February he struck oil in one well at a depth of ^^ feet; the oil at 
once rose in the well .... to a height of four feet ; it kept at this level for 
about seven days, and in that time yielded, Mr. Savage thinks, 1,000 gallons 
a day; since then the oil has remained in the bore-hole a few feet below the 
bottom of the well, and 120 gallons or more a day can be dipped out with a 
dipper. A great deal of the oil escaped from the well through fissures.'* *' The 
well at its mouth was some 15 feet in diameter, and had been dng with those 
dimensions of a depth of some 30 feet. Here boring commenced, and had been 
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carried to a depth of 36 feet only, when the workmen were surprised and terri- 
' fied by a sndden outbnrst of gas and oil, accompanied by loud subterraneous 
sounds, as of distant thunder. They had only time to make their escape up the 
ladders of the well before the oil and gas poured in in quantities that would other- 
wise have made their position a Tery perilous one." " Four days after Mr. Savage 
struck oil m the second well at a depth of 68 feet under similar circumstances, 
but the gas appeared stronger, making a great noise. About 150 gallons a 
f^ay can be dipped out of this well The oil is clear and liquid ; large quan- 
tities of gas continually escape not only in these wells, but in all other wells of 
small depth which are in the locality." 

Of the second class of wells those near Minbain are amongst the most im- 
portant. There are several scores of them, about a mile and a half north of the 
village, in an alluvial plain which is cut up by numerous nallas, which join and 
eventually drain into the Phultdnu naddi. The wells are all sxmk either in or 
dose to the beds of the nallas, such being of course the lowest ground in the 
locality. They occur in groups of a dozen or tweniy, the groups not being very 
far from each other (say one or two hundred yards), and the wells within a few 
feet or yards of each other. They are about 4 feet diameter, and vary in depth 
from 5 or 6 to 10 or 12 feet, and are all sunk in a rather tough grey clunch, 
which is generally covered by a foot or two of surface soil. In some wells the 
clunch towards the lower part is entirely soaked with petroleum, but more 
frequently the oil soaks the rock in patches, which have a darker color than the 
rock which is free from it. Although none of the wells are in communication 
with anything approaching the dignity of a fissure, there are evidently divisional 
planes and minute cracks which allow the oil to rise more freely in some spots 
than in others. At the bottom of the wells holes about 8 inches diameter and a 
foot deep are dug in the oleiferous patches of rock, in which the oil accumulates. 
It is collected twice a day ; according to the sinkers, a good well will some- 
times yield 4 or 5 bottles twice during the first day, but the yield rapidly 
diminishes. A few wells are &ilures, and yield no oil. One of the head men of 
Minbain, who was engaged in the well-digging, informed me that they are worked 
from about the beginning of December tiU the commencement of the wet season. 
The weUs being mostly in the beds of nallas, of course get filled with rubbish 
every rains, but, as the yield diminishes so much with age, the diggers do not 
mind this, and open others in fresh spots every year. The annual yield is said to 
be about a thousand rupees worth of oil of late years. It is sold at six bottles 
per rupee. The total, therefore, would be 6,000 bottles or about 1,000 gaUons. 

In the ridge which stretches along the sea coast from Likmau to Minbain, 
the strata have a dip throughout to south-west. The dip is very obscure in the 
ridge between the wells and Thengchaung, and it does not seem to be regular, 
but I observed some apparent indications of its having a general easterly ten- 
dency. If this be the case, the oU-bearing rocks near Minbain are probably at 
or near the axis of an anticlinal bend, a position which in many oil regions 
(Bome of those in America and Japan for instance) has been found a most 
favourable one for well-sinking. The present wells, as will have been seen, have 
merely grubbed at the surface. 
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A mile or bo nortli-weBt of E^angantan, there are a dozen or so of oil wells 
in the bed of a nalla of the same character as those at Minbain. They are 
sunk in a graj, more or less argillaceous sand (disintegrated sandstone ?), some 
being 'lined with bamboo wickerwork. They were first opened last year. The 
best well, as I was told, yielded eight or ten bottles of oil the first day, but the 
yield rapidly diminished.^ 

The following table contains as complete a list as I have been able to make 
of the localities in the B4mri group of Islands and the Bar&ngas, where oil has 
been obtained or indications of it observed. With reference to the Barkngas it 
should be remarked that the results given are, with the exception of those 
connected with Mr. Savage's wells, those obtained up to the time of my visit. 
Boring operations had, however, then only just commenced, so that the small 
quantities of oil mentioned cannot in themselves be taken as any evidence of 
a scanty supply. 



^ Captain Halsted states that in Cheduba oil is collected by tarning up the soil, where 
oleiferous, to a depth of 2 feet> and surrounding it by a bank of earth, so as to form a shallow 
pond during the rains, about 20 yards square; gas and oil rise through the water, the latter of 
which is skimmed off and collected. (J. A. S., B., X, 869). This crude method was not practised 
in any of the oil-bearing localities I visited. 
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Limestone is very plentiful in B&mri. One of the most important localitieB 

is jnst north of the Y&nthek creek, about two miles 
north of the Tillage of the same name. The rock 
there is yellowish-white or occasionally reddish. It is rather brittle, and gener- 
ally has a tolerably smooth fracture. Some parts have a fine granular structure. 
It includes strings and seams of calcspar, which weather out prominently from 
the mass of the rock, but it is free from chert and from interbedded layers of 
other rock. The bedding is generally obscure, and masses 20 feet thick occur in 
which none is apparent. In places, however, the rock has a slight tendency to 
flagginess. The dip and strike seem to be very inconstant. The supply is 
unlimited. I myself saw the stone to be continuous over an area of many acres, 
forming rocky hillocks 20 to 40 feet high, and the villagers with me said that it 
extends over an area four kos in circuit. The limestone is situated dose to 
a tidal creek which joins the Yinthek creek within 200 yards, bo that there is great 
facility for exportation. 

The analysis of a carefully chosen average sample, made up of pieces from 
several of the small native quarries, yielded — 

Oalchim carbonate ..... 94*4 
Magnesium carbonate . . . *6 

FerroQs carbonate (with some Fe, O^ & Al, 0,) 1*6 

Inaolnble (mostly elay) .8*6 

1000 



The manu&cture of lime is carried on in the neighbourhood, but not on any 
large scale. The rock is quarried with crowbars and hammers, having been pre- 
viously heated by brushwood fires : gunpowder is not used. The kilns in which 
it is burned are circular, about 8 feet in diameter at the top and rather more at the 
bottom, with a depth of about 10 feet. They are dug out on a steep clay-bank, 
and have one orifice in front at the bottom about 18 inches diameter. There is 
a low clay wall round the top. 

The lower part of the kiln is filled with logs of wood and the upper with 
broken stone in pieces up to some inches diameter. After some days, when the 
fire has burned out^ the top portion of the stone, which is only partially burned, 
is removed separately, and the lime then withdrawn and slaked. Salt water 
from the creek is used for this purpose, as being the nearest at hand, but it is 
by no means calculated to improve the lime. The half -burned stone is added to 
the next firing. The sUiked lime is sold at the kilns at the rate of twenty rupees 
per hundred mans (maunds). 

Limestone of a very similar character to that at Yinthek also occurs in 
large quantity near Tsinbok. It is a yellowish-white rock looking like indurated 
chalk. Besides veins of calcspar it contains an occasional nodule of chert, 
which I have not observed in the rock at Y&nthek. There are at least two out- 
crops to the south-west of the village, at one of which the limestone forms a 
hillock 30 feet high. From this alone a very large supply could be obtained, and 
it is within less than a mile and a half of a tidal creek. The composition of the 
stone is very similar to that of the Y&nthek rock. 
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Between Tsetam^ and Kyank Tj&n a different kind of limestone (p. 192) 
occnrs in practically unlimited quantity. It is remarkable as being an almost 
pnre carbonate of lime, there being hardly any matter in it insoluble in acid, 
and only traces of iron and magnesia. 

Limestone also occurs, although in less abundance, at Th&n Ghaong, Tengbain, 
Alle Chaung, Tsdn^ and Amherst Island. Doubtless it is to be found on Gheduba 
also. In the BadLnga Islands, however, I observed no calcareous rock anywhere. 
Besides true limestone, recent coral, owing to the elevation that the Bamri 
group of islands underwent during the last century (p. 190), occurs in large 
quantity along the coast in many places, where there are rocks that afforded the 
coral ft piTnaln a secure foundation to build on. Amongst other localities may be 
mentioned the rocky point west of Kyauk Phyu and the similar point at Likmau. 
It will thus be seen that there is an exhaustless supply of Ume in the islands 
conveniently placed for export. Mr. Theobald, also,. mentions at least one spot 
on the coast of Arrak&n to the south of Sandoway where limestone occurs in 
unlimited quantity and in a most fevourable position with respect to shipment.^ 
It is open to consideration whether the lime of Arrakin could not compete 
on paying terms in the Calcutta market with the Sylhet lime which is subject 
to the long and tedious river navigation from Chh^tak. 

In some places, as at Kyauk Ty&n and Amherst Island, there are gypseous 

shales through which crystals of selenite are sparsely 

^^^"'^* disseminated. These are to be found scattered about 

on the surface of the ground, owing to the weathering away of the rock. It 

would be difficulty however, to obtain more than a few sdrs of them, and as a 

source of gypsum they are perfectly useless. 

It appears from Dr. Spry's paper on Kyauk Phyu written in 1841, that salt 

was at that time made there from sea water by solar 
evaporation, and sold by the people to G^ovemment at 
7 annas a man,* The manufacture has, however, been extinct for many years peat. 
Limpid rock crystals occur in some of the seams of the cherty rock men- 
tioned at p. 192, and are collected sometimes by the 
"y* ' villagers. But they are too small to be of any 

commercial value. 
In the twelfth volume of the Asiatic Society's Journal an account is given 

of an alleged discovery of native copper on Round 

on^^'dlS"^ "^ "^^^ ^^^^' '^^® specimens were found in 1843 by a 

Mug who was employed by Captain Williams to 
search for coal. Captain Williams sent them to Mr. Piddington, who pronounced 
them to be '' nodules of native copper, with red and black oxide and silicate 
of copper.^ " He also speaks of them as " rolled native (virgin) copper" " with 
a coating of red oxide and the blue and green carbonates.^ " 



1 Memoirs, X, 345. 

* Journ. A». Soc., Bengal, X, 144. 

> Journ. As. Soc, Bengal, XII, 83S. 

* Ibid, 914^ 906. A veiy extraordinary analysis was given by Mr. S. Mornay, who considered 
the specimens to be an alloy of copper, titanium, mercury, lead, cobalt and iron. 
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The locality seemed an tmlikely one for copper to occnr in, but before my 
visit to the island, the Deputy Commissioner, Mr. Duke, made enquiries on the 
subject, with, however, a negative result. Subsequently I went to Bound Island, 
and found the hilly ground there to consist, as was anticipated, of stratified 
rocks similar to those of Bfimri and Cheduba, and therefore of presumably 
early tertiary age. The occurrence of copper in such rocks would be moAt 
unusual. No one that I questioned on the subject had ever heard of copper 
having been found in the island. 

Not long ago whilst arranging the series of Indian copper ores in the Geolo- 
gical Museum, I lighted on a tray containing a number of very irregularly shaped 
pellets from the size of a grain of shot to that of a large pea or more. They 
were composed of bronze-colored metal with a coating of red and black oxides 
and green carbonate of copper and with a few rolled grains of quartzose sand 
adhering to them. The accompanying label ran " Copper ore from Flat Island^ 
off the south-east end of BAmri ; presented by Captain Williams." On assay, 
the pellets were found to be an alloy of copper and tin, one which has never yet 
been found native, but which, artificiaUy manufactured, is used to a considerable 
extent amongst the Burmese. It is clear therefore, that the metal found by the 
Mug was not native copper but artificial bronze, which, judging from the condi- 
tion in which it was unearthed, had probably lain buried for a very long period. 



ADDITIONS TO THE MUSEUM. 

(From Januaby to March 1878.) 

Donors. 
Burmese petroleum, and series of liquid and solid products manufactured there- 
from. 

Ths Rangoon Oil Company. 

Specimens of zincblende from near Giridi ; argentiferous galena from PhAga 

(seven miles south-east of Danda, Bhsgalpur District) ; and gray copper 

ore with baiytes from Jabalpur District. 

W. G. Olphkrts, Esq. 

Copper pyrites in Kaladgi limestone (Madras Presidency). 

Dr. Thorpe. 

Two series of minerals (by exchange). 

Mineral Department, British Museum. 

SERIES I. 

Aikinite in quartz, Beresowsk, Urals, Bussia. 

Anorthite, with biotite and pyroxene, Monte Somma, Vesuvius. 

„ var. Amphodelite, with pyroxene and copper pyrites, Tunaberg, 

Sweden. 

1 In the original papen in the ABiatio Journal there is a conftuion between Bonnd and Flat 
ItlandB— Fidtf p. 904. 
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Anthosiderite, Antonio Pereira^ Pemambiioo, Brazil. 
Aeschynite in oiihoclase, Ilmen MonntoinB, Orenbnrg, Bnaaia. 
Apatdte, maasive, Krageroe, Norway. 
„ „ Loftbuns, Norway. 

„ var. Pbospborite, Estramadnra, Spain. 
Arseniosiderite, Boman^be, Saone et Loire, France. 
Alnnite in crystals and massive, Tolfet, near Civita Yeccbia, Borne. 

„ massive, Beregbszass, Hnngary. 
Anricbalcite, witb calcite, Matlock, Derbysbire. 

„ witb wad, Monte Poni mines, Sardinia. 

Berzelianite in calcite, Skiikenim mines, Sm&bmd, Sweden. 
Bonlangerite, witb galena, Ober-Labr, Bbine. 

„ „ Sala, Sweden. 

Bendantite in interstices in limonite, Montabanr, Nassau. 
Biotite, witb bomblende and angite, Monte Somma, Vesuvius. 
„ from tbe granite of Lake Baikal, Irkutsk. 

„ witb muacovite and ortboclase, Smen Mountains, Orenburg, Bussia. 
Brocbantite, witb quartz and limonite, Bougbten-GKll, Cumberland. 
Covellite, witb calcite and massive gersdorffite, Sangerbausen, Tburingia. 
Calomel in crystals, witb ocbreous limonite on a micaceous sandstone, Mos* 

cbellandsberg, Bbenisb Bavaria. 
Cotonnite on a scoriaceous leucite lava, Vesuvius. 
Cbiolite, Ilmen Mountains, Orenburg, Bussia. 

Cbrysobeiyl, witb mang^ese-gamet^ smoky quartz and albite, Haddam, Con- 
necticut, U. S. A. 
„ witb garnet and mica in quartz, Marscbendorf, Moravia. 

Cervantitepseudomorpbouaafterstibnite, witb crystalline massive ditto, Borneo. 
Crocidolite, Asbestos Mountains, Orange B., Soutb Africa. 
Cancrinite (yellow), witb elcBolite, mica and felspar, Marienskoi mine, Tunkinsker 
Mountains, Lake Baikal, 
(pinkisb), Iknen Mountains, Orenburg, Bussia. 
Cronstedtite, witb quartz, cbalybite, copper pyrites, cblorite and mispiokel, 

Cornwall (mine not yet ascertained). 
„ witb limonite in iron pyrites, ditto. 

Cbloritoid, witb quartz on a gneissoid rock, Pregpratten, Pustertbal, Tyrol. 
Cbamoisite, Cbamoison, Wallis, Switzerland. 

var. Bertbierine, Bourgogne, France. 
Clinoclase, witb wad on quartz, St. Day, United Mines, Cornwall. 
Coquimbite, witb copiapite and cbalcantbite, Copiapo, Coquimbo, Cbili. 
Domeykite, Copiapo, Cbili. 

„ var. Condurrite, witb cuprite, Condurrow mine, near Bedmth, 

Cornwall. 
Dipyre, VaUfe de Castellon, St. Giitm, L'Ari^ge, France. 
Decbenite, Freiburg, Baden. 

Enargite in crystals, wi^ copper pyrites in a silicious matrix, Paradi Tatra 

Mountains, Hungary. 



FART 2.] Addition to the Mu9eum. 225 

£iiargite Grystalline massive, with copper pyrites in a silicions matrix, Parad, 

Tatra Monntainw, Hiuigaiy. 
Eupbyllite, with toTLrmaline, Chester Co., Pennsylyama, U. S. A. 
Enchroite, on mica-slate coated with ochreons Umonite, Libethen, Hnngarj. 
Epsomite, Calataynd, Aragon, Spain. 

Ekmannite, Bmnsjo iron mine, Arebro Lan, Grythjtte, Sweden. 
Fergasonite in qnairtB, with black mica and a little felspar, Ytterbj, Sweden. 
Fibroferrite, Copiapo, Chili. 

Greenocldte, with calcite and chlorite, near Bishoptown, Benfrewshire, Scotland. 
Olaucodote, with copper pjrites, Hakonsboda^ Sweden. 

Glearksutite, with chaljbite in ozyolite, Evigtok, Arksut-Fjord, West Greenland. 
Hessite or Petzite, Sawodinskoi mine, Altai. 
Hydrotalcite, with serpentine, Snamm, Norway. 
Herschelite, with phillipsits and mealy zeolite in cavities in a lava, Aci Castello, 

near Aci B»eale, Sicily. 
Hydrophite, with serpentine, Taberg, Wermland, Sweden. 
Hjelmite in albite, Fahlnn, Sweden. 
Hatchettite, with chalybite, bitumen and qnarts in cavities in day iron-stone, 

Merthyr Tydvil, South Wales, 
Jadeite, China. 

Jefferisite, Westchester, Pennsylvania, U. S. A. 
Knebelite, Dannemora, Sweden. 
Killinite in granite, Killiney Bay, Co. Dublin, Ireland. 
Karstenite, SchafEhausen, Rhine. 
Qmunden, Austria, 
with salt, Salzburg, 
with haematite. Hall, Tyrol. 
Lead (native), in granular hausmannite, Pajsberg iron mines, Philipstadt, 

Wermland, Sweden. 
Levyne, with mesolite in cavities in a trap rock, Little Deer Park, Co. Antrim, 

Ireland. 
Liroconite, with clinoclase, St. Day, United Mines, Cornwall. 
Lanarkite, with leadhillite, caledonite, cemssite, and pyromorphite, Leadhills, 

Lanarkshire. 
Minium, The Eifel, Bhenish Prussia. 

Meliphanite, with mica and allanite in felspar, near Frederikswam, Norway. 
Mellilite, with pseudonepheline and apatite on dolerite. Capo di Bov6, near Home. 

„ Monte Somma, Vesuvius. 
Mosandrite, with black mica in zircon syenite, Langesund Fjord, Brevig, Norway. 
Megabasite, with fluor and molybdenite in quarts, Schlaggenwald, Bohemia. 
Mang^ocalcite on quartz, Schemnitz, Hungary. 
Nagyagite, with miillerite, and quartz, mingled with rhodochroisite, Nagyag, 

Transylvania. 
„ in crystals, with quartz, blende, and rhodochroisite^ ditto ditto. 

Natron, Egypt. 
Ozokerite, Gallicia, Poland. 

1 
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Perofskite, with clinochlore in crystalline limestone, Achmatowsk, Urals. 
Pyrochroite in magnetite, Pajsberg iron mines, Philipstadt, Wermland, Sweden. 
Phenakite, with small crystals of qnartK in an ochreons limonite, Frammont, 

Vosges. 
„ in bright crystals on an albitic granite, Ilmen Mountains, Orenburg, 

Bnssia. 
Phenakite from the emerald mines of Ekaterinburg, Perm, Brnssia. 
Pyrosmalite, with hornblende on magnetite, Nordsnarken, Wermland, Sweden. 

„ with hornblende and chlorite on magnetite, ditto ditto ditto. 

Penninite, partly encmsted with small cr3rstals of garnet, Zermatt, Switzerland. 
Prochlorite, with copper pyrites and qnartz, Cornwall. 

„ with dolomite on magnetite, Traversella^ Piedmont. 

„ var. Ogcoite, St. Gotthard, Switzerland. 

Pharmacolite, with erythrite on carbonate of lime, with, galena, Wittichen, Baden. 
Predazzite, Predazzo, Tyrol. 

Bomerite, with copiapite and chalcanthite, Copiapo, Goquimbo, Chili. 
Batholite or Pectolite, Batho qnarry, near Edinburgh. 
Bet&asphalt, Bovey Tracey, Deyonshire. 
Stembergite, Joachimsthal, Bohemia. 

Sylvanite, with drusy quartz on a trachyte porphyry, Oftenbanya, Transylrajiia. 
„ var. Miillerite, with blende in a breociated siliceous rock, Nagyag, 
Transylyania. 
Sal Ammoniac in crystals on a scoriaceous dolerite lava, Yesuyius: Eruption, 

November 1868. 
Sarcolite, with pyroxene, Monte Somma, Vesuvius. 

Staurolite, with kyanite and mica in paragonite slate, G-iomico, Levantino Valley, 

Tessin, Switzerland. 
„ with garnet in mica-slate, Taganai, Urals. 

Sapphirine, with mica, Fiskenaes, Greenland. 
Schrotterite, Libethen, Hungary. 

„ near Tavistock, Devonshire. 

Scolecite, Berufjord, Iceland. 
Smectite, Kreuznach, Bhine. 

Samarskite in granite, Ilmen Mountains, Orenburg, Bussia. 
Sordawalite, Sordawala, Finland. 

Tallingite, with atacamite and wad, Botallack mine, St. Just, ComwalL 
Ullmannite, with chalybite and copper pyrites, Siegen, Prussia. 
Ulexite in gypsum, Brookville, Hants Co., Nova Scotia. 
Voigtite in graphic granite, Manebach, Thuringia. 

Vauquelinite, with crocoisite, pyromorphite, cemssite pseudomorphous after 

galena, limonite pseudomorphous after iron pyrites, and quartz, 
Beresowsk, Urals. 

Volborthite, with wad on Permian sandstone, Ivanow*s copper mine, Perm, 

Bussia, 

„ on limonite, Sissersk, near Nijni Tagilsk, Perm, Bussia. 

Wehrlite, Szurrasko, Hungary. 
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Wohlerite, with eloeolite and cancrinite in zircon syenite, Langesund Fjord, near 

Brevig, Norway. 
Wagnerite, with brown-spar in a greenish clay-slate, Hollgraben, near Werfen, 

Salzburg. 
Walchowite, Walchow, Moravia. 

Xenotime, with yellow and black yttrotantalite in felspar, Ytterby, Sweden. 
Zippeite, with small crystals of selenite, Wheal Edward, near St. Jnst, Cornwall. 
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Albite, with malachite and chessylite, Kirabinsk Mine, Ekaterinburg, Russia . 

Albite, with chalybite, ZiUerthal, Tyrol, • 

Andalusite, Brazil. 

Aragonite in twinned crystals, Bilin, Bohemia. 

Arsenic (native), with calcite, Andreasberg, Hartz. 

Avanturine quartz. Cape de gata, Spain. 

Barytocalcite in crystaJs and massive, Alston, Cumberland. 

Calcite in fascicxdar groups on quartz, with blende and galena, Schemnitz, 

Hungary. 
Calcite on fluorspar, near Camborne, Cornwall. 
Cadmiferous blende, Przibram, Bohemia. 
Chesterlite in granidar dolomite, Chester Co., Pennsylvania. 
Chiastolite in clay-slate, Lancaster, Massachusetts. 
Chrysolite in crystals, The Levant. 
Corundum crystal, Tibet. 

„ „ Salem, Madras. 

Dolomite, columnar, with dendritic manganese oxide, Sunderland. 
Fassaite in blue calcite, Fassa, Tyrol. 
Fahlunite in talc slate, Fahlun, Sweden. 

„ „ with copper pyrites, Fahlun, Sweden. 
Felspar (compact), colored in spots with manganese oxide, Charlotte, North 

Carolina. 
Fire opal, Zimapan, Mexico. 
Green tourmaUne, with sapphire in granular dolomite, Campolongo, St. 

Ootthard, Switzerland. 
Grossular garnet, Fassathal, Tyrol. 
Grossular in loose crystals, Wilui B., Trans-Baikal. 
Ourhofite, Ghirhof, Styria. 
Humite, with biotite and calcite, Monte Somma. 
Hyposclerite, with melanite, Arendal, Norway. 
Leelite, with actinolite, Salberg, Sweden. 
Limonite, fibrous and compact, Orkney Islands. 

„ Siegen, Prussia. 
Mesolite, with thomsonite and stilbite, Benfrewshire. 
Moonstone, Ceylon. 
Murchisonite, Heavitree, near Exeter, Devon. 
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Natrolite, with analcime on basalt, Anvergne. 

„ in a caviiy in beaalt, Leipa, Bohemia. 

„ with gmelinite in trap rock, Co. Antrim. 

„ on phonolite, near Aussig, Bohemia. 
Omphacite, with garnet, San-Alpe, Garinthia. 
Orthoclase (massive), Frederikswam, Norway. 
Petalite, with lepidolite, Island of Uto, Sweden. 

„ with spots of indioolite. Island of Uto, Sweden. 
Phjsalite, TrumbnU, Connecticut. 
Prase, Breitenbrunn, Saxony. 
Pyrolnsite, coating stalactitic psilomelane, Thnringia. 

„ Nassau. 

Pyrophysalite in quartz, Pinbo, Sweden. 
Pyrophysalite, Pinbo, near Pahlun, Sweden. 
Pyroxene, with hornblende, Arendal, Norway. 

Quartz, pseudomorphous after chalybite. Cook's kitchen mine, Cornwall. 
Bichterite, with schefferite and hematite, Langbanshyttan, Sweden. 
Bubellite, with indioolite and green tourmaline, in albite, Chesterfield, Maflsa- 

chusetts. 
Elba. 
Sahlite, with galena and calcite, Sala, Sweden. 

„ with hornblende and sphene, Arendal, Norway. 
Scnefferite, with rhodonite, Langbanshyttan, Wermland, Sweden. 
Siliceous sinter, The Geysers, Iceland. 

Spinel (blue), with hornblende and mica in limestone, Aker, Sweden. 
Tasmanite, Mersey B., North Tasmania. 
Topazolite, with mussite, Mussa, Piedmont. 
Wood-tin, near Truro, Cornwall. 

„ in water-worn fragments, Comwa| 
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Fboh 1st Januabt to 31st Mabgh 1878. 

Txile9 of Boohs, Donors. 

BiviBCKi, Db. E. W.— G^ognostisch-PalaontologiBche Beitrage, Band II, heft 3 

(1876), 8vo, Miinchen. 
Bbush, Oeo. J. — Appendices I and II to the 5th Edition of Dana's Mineralogy 

(1872), 8vo, New York. 

CTFRinivaHiM, Alex. — Corpus Inscriptionum Indicarum, YoL I — Inscriptions of 

Asoka (1877), 4to, Calcutta. 

HoMB Dbpabtiibnt. 

Elliott, Sib H. M.— Histoiy of India, Vol. VIII, (1877), 8vo, London. 

Homb Depabtuent. 

Enctolop(edia Bbitannica, Vol. VII, 9th Edition (1877), 4to, London. 
Hoohstbtteb, F. vok. — Asian seine Zukunftsbahnen und seine KohlenschatEe 

(1876), 8vo, Wien. 
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TUles of Books. Donors. 

Just, De. L.— Botaniacher Jahreaberioht, Jahrg. 1876, Abih. I (1878), 8vo, 

Berlin. 
KuRZ, S.— Forest Flora of British Burma, Vols. I and H (1877), 8vo, Calcutta. 

DePABTMENT BbTENUX, AOBICUIiTUBB AND COMMERCE. 

L6czT, L. VON.— Die Liszkovaer HoMe im Barilthegy (Liptaner Comitat), (1878), 

8yo, Budapest. 

The Author. 
L6czT, L. VON. — Echionoden aus dem Neogen-Ablagerungen des Weissen 

Korosthales (1877), 8vo, Budapest. 

The Author. 

PERIODICALS, SERIALS, Ac. 

American Journal of Science and Arts, 3rd Series, Vol. XIV, Nos. 83-84 (1877) 

8vo, New Haven. 

The Editors. 

Annalen der Physik und Chemie, New Series, Vol. II, heft 3-4, and III, heft 1 

(1877-78), 8vo, Leipzig. 

Annales des Mines, 7th Series, Vol. II, livr. 5 ; V, livr. 3 ; IX, livr. 1 ; XII, livr. 5 

(1872, 1874, 1876-77), 8vo, Paris. 

L'Admins. des Mines. 

Annals and Magazine of Natural History, 4th Series, Vol. XX, No. 120, and 5th 

Series, Vol. I, Nos. 1-2 (1877-78), 8vo, London. 
Archiv fur Naturgeschichte, Jahrg. XLIII, heft 4, and XLIV, heft. 1 (1877-78), 

8vo, Berlin. 
AthensBum, Nos. 2616 to 2620, and 2622-2627 (1877-78), 4to, London. 
Bibliotheque Universelle et Revue Suisse, New Series, Vol. LX, Nos. 239-240 

(1877), 8vo, Lausanne. 
Chemical News, Vol. XXXVI, Nos. 942-946 and 048-953 (1877-78), 4to, London. 
CoUieiy Guardian, Vol. XXXIV, Nos. 884-889 and 801-896 (1877-78), fol., 

London. 
Geographical Magazine, Vol. V, No. 2, (1878), royal 8vo, London. 
Geological Magazine, New Series, Decade II, Vol. IV, No. 12, and V, Nos. 1-2 

(1877-78), 8vo, London. 
Journal de Conchyliologie, 3rd Series, Vol. XVII, No. 4 (1877), 8vo, Paris. 
London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 

5th Series, Vol. IV, Nos. 27-29 (1877-78), 8vo, London. 
Mining Journal, with Supplement, Vol. XLVH, Nos. 2207-2212 and 2214-2218 

(1877-78), fol., London. 
Nature, Vol. XVI, Nos. 423-428 and 430-435 (1877-78), 4to., London. 
Neues Jahrbuch fiir Mineralogie, Geologic und PalaBontologie, Jahrg. 1877, heft 9, 

and 1878, heft 1 (1877-78), 8vo, Stuttgart. 
Petermann, Dr. A. — G^graphische Mittheilungen, Band XXIII, No. 12, and 

XXIV, Nos. 1-3. (1877-78), 4to, Gotha. 
Petebmann, Dr. A. — G^ographische Mittheilungen, Supplement^— Band LII 

(1877), 4to, Gotha. 
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Titles of Books. Donors. 

POGGENDOBFF, J. C. — Annalen der Physik nnd Chemie, Band 128-138, and 142-150 

(1866-69 and 1871-73), 8vo, Leipzig. 
Professional Papers on Indian Engineering, 2nd Series, Vol. VII, No. 27 (1878), 

8yo, Boorkee. 

Thomason GoLLsaE OF Civil Ekghtebrikg. 

Quarterly Jonmal of Microscopical Science, New Series, No. LXIX (1878), 8to, 

London. 

Qnarterlj Jonmal of Science, No. LVII (1878), 8vo, London. 

Reports of the Mining Surveyors and Registrars for quarter ending 30th Sep- 
tember 1877 (1877), flflc, Melbourne. 

Mining Department, Victoria. 



GOVERNMENT SELECTIONS, <kc. 

India.— Carrington, R. C. — List of Lighi-houses and Lighi-vessels in British 

India, including the Red Sea and Coast of Arabia (1878), 
4to, Calcutta. 

Marine Suryet Department. 

„ General Report on the Operations of the Revenue Surveys of India for 

1876-77 (1878), flsc., Calcutta. 

The Survbt. 

„ Walker, Col. J. T. — General Report on the Operations of the Great 

Trigonometrical Survey of India during 1876-77 (1878), 
flsc, Calcutta. 

The Survey. 

Madras. — Maclean, C. D. — Standing information regarding the Official Adminis- 
tration of the Madras Presidency (1877), 8vo, Madras. 

Government op Madras. 

Punjab. — Report on the Administration of the Punjab and its dependencies for 

1876-77 (1877), 8vo, Lahore. 

Punjab Government. 

TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES. 

Belfast.^— Proceedings of the Belfast Natural History and Philosophical Society 

for 1876-77 (1877), 8vo, Belfast. 

The Societt. 

Berlin. — Monatsbericht der konig. Preuss. Akademie, September to November 

(1877-78), 8vo, Berlin. 

The Academy. 

„ Zeitschrift der Deutschen G^^logischen Gbsellschaft, Band XXIX 

heft 3 (1877), 8vo, Berlin. 

The Societt. 
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Titles of Boohs. Donors, 

Bristol. — Proceedings of the Bristol Naturalists' Society, New Series, Vol. II, 

Part 1 (1877), 8vo, Bristol. 

The Society. 

Brusbbls. — Bnlletiii de la Soci^ Beige de (jeographie, Nos. 4-5 (1877), 8vo, 

Brussels. 

The Socibtt. 

Budapest.— Naturhistorische Hefte, Band I (1877), 8vo, Budapest. 

National Museum, Budapest. 

Calcutta. — Journal of the Agricultural and Horticultural Society of India, New 

Series, Vol. V, Part 3 (1878), 8vo, Calcutta. 

The Society. 

„ Journal of the Asiatic Society of Bengal, New Series, Vol. XLYI, 

Part 1, Nos. 3-4 (1877), 8vo, Calcutta. 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, No. X (1877), and 

No. I (1878), (1877-78), 8yo, Calcutta. 

The Society. 

Copenhagen.^ — Oversigt over det kong. danske Videnskabemes Selskabs, No. 2 

(1877), 8vo, Copenhagen. 

The Academy. 

Dublin. — Journal of the Royal Geological Society of Ireland, New Series, 

Vol. IV, Parts 3 and 4 (1876-77), 8yo, Dublin. 

The Society. 

Geneva. —Memoires de la Society de Physique et d'Histoire Naturelle de Geneve, 

Vol. XXV, Part 1 (1877), 4to, Geneva. 

The Society. 

London. — PalaBontographical Society's Publications, Vols. XIX (1865), XX 

(1866), XXV (1871) to XXXI (1877), and Part 2 of 

1849, 4to, London. 

y, Philosophical Transactions of the Bo3ral Society of London, Vol. 166, 

Part 2, and 167, Part 1 (1877), 4to, London. 

The Society. 

„ Quarterly Journal of the Geological Society of London, Vol. XXXIII, 

Part IV, No. 132, with list of Fellows for 1877 (1877), 
8vo., London. 

Ditto. 

Hanghebter.— Transactions of the Manchester (jeological Society, Vol. XIV, 

Parts 14-16 (1877), 8vo, Manchester. 

Ditto. 

Melbourne. — Geological Survey of Victoria. Prodromus of the PaleBontology of 

Victoria, by F. McCoy, Decade V (1877), 8vo, Melbourne. 

The Survey. 

Moscow. — Bulletin de la Soci^ Imp^riale des Naturalistes de Moscou, Vol, LII, 

No. 1 (1877), 8vo, Moscou. 

The Society. 
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Tikles of Books. Donors, 

Philadelphu.— Journal of the FrankUn Institute, 3rd Series, Vol. LXYII, 

Nos. 5-6, LXVIII, Nos. 1-2, LXIX, No. 3, LXX, 

Nos. 2-6, LXXIV, No. 6, and LXXV, No. 1 (1874-78), 

8to, Phikdelpliia. 

The Institute. 

Pisa. — Atti della Soeieta Toscana di Scienze Natnrali, Vol. II, Part 2, and III, 

Part 1 (1876-77), 8vo, Pisa. 

The Socibtt. 

Pltmotjth. — Beport and Transactions of the Devonshire Association for the 

Advancement of Science, Vol. IX (1877), 8vo, Plymouth. 

The Association. 

BoME.«*Atti della B. Accademia del Lincei, 3rd Series, Vol. II, Parts 1-2 (1878), 

4to, Borne. 

The Agademt. 

BoUettino B. Gomitato Oeologioo d'ltalia, Nos. 11-12 (1877), 8vo, 

Bome. 

The Geological Commission. 

Stockholm.—- Bihang till kong. 1. Svenska Vetenskaps-Akademiens Handlingar, 

Band III, heft 2 (1876), 8vo, Stockhobn. 

BoTAL Academy of Science, Stockholm. 

„ Kongliga Svenska Vetenskaps-Akademiens Handlingar, Vols. XIII 

and XIV, Part 1 (1875-76), 4to, Stockholm. 

Ditto. 

„ Observations Meteorologiqnes Su^doises, 1874 (1877), 4to, Stock- 

holm. 

Ditto. 
„ Ofversigt af kongl. Vetenskaps-Akademiens Forhandlingar, Band 

XXXIII (1877), 8vo, Stockholm. 

Ditto. 
Stdnet. — Annual Beport of the Department of Mines, New South Wales, for 

1876 (1877), 4to, Sydney. 

BoT. Soc. N. S. Wales. 
„ Journal and Proceedings of the Boyal Socieiy of New South Wales. 

Vol. X, 1876 (1877), 8vo, Sydney. 

Ditto. 
„ Bas, JoHN.'-Beport on the construction and working of the railways of 

New South Wales from 1872-1875 (1876), flsc., Sydney. 

Ditto. 
BoBiNSON, Chas. — The Progress and Besources of New South Wales 
(1877), 8vo, Sydney. 

Ditto. 
BnssELL, H. C. — Climate of New ^Sonth Wales, descriptive, histo- 
rical and tabular (1877), 8vo, Sydney. 

Ditto. 
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Tales of Books. Donont. 

Tasmanu. — Papers and Proceedings and Report of tlie Bojal Society of Tasmania 

for 1876 (1877), 8vo, Tasmania. 

The Socibtt. 
Turin.— Atti della R. Accademia delle Scienze di Torino, Vol. XII, Nos. 1-5 

(1876-77), 8vo, Turin. 

Thb Academt. 
„ BoUettino dell' Osservatorio della regia Universita di Torino, Anno XI 

(1877), 4to, Turin. 

Ditto. 
Washingtoh. — Annual Report of the Board of Regents of the Smithsonian 

Institute for 1876 (1877), 8vo, Washington. 

The Institute. 
„ Ninth Annual Report of the United States Geological and Geogra- 

phical Survey of the Territories embracing Colorado and 
adjacent territoiy for 1875 (1877), 8vo, Washington. 

The Subyet. 
„ Preliminary Report of the Field work of the United States 

Geological and Geographical Survey of the Territories 
for season of 1877 (1877), 8vo, Washington. 

Ditto. 
Wellington.— Geological Survey of New Zealand: Report of Geological Explora- 
tions dui-ing 1873-77 (1877), 8vo, Wellington. 

Ditto. 
Yokohama. — Mittheilungen der Deutschen Gesellschaft fur Natur und Yolker- 

kunde Ostasiens, heft XIII (1877), flsc, Yokohama. 

The Society. 

A},ril 24th, 1878. 
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Note on the Progress of the Gold Indttstet in Wtnad, Nilqiri District, 
Madras Presidenct, by W. Kino, b.a., D^ptdy Superintendenty Geological 
Swrvey of India, 

The official boundaries ef Wyndd having of late been altered by the annexa- 
tion of its sonth-eastem frontier, or the conntry around Dajyallah, to the Gom- 
missionership of the Nilgiris, it becomes necessary, as in the heading of this 
paper, to refer to the present area of the gold industry as being in the Nilgiri 
district, instead of as hitherto in that of Malabar. 

It is now nearly three years since my first notice* was written on the gold- 
fields of Wyndd, at which time a commencement was about to be made by the 
pioneer Alpha Gt)ld Company in working them. Since then two other Com- 
panies, the 'Wynad Prospecting ' and the ' Prince of Wales' Tribute,' have made 
essays with the same intention ; but none of these have, until very lately, suc- 
ceeded in obtaining from the quartz an average percentage of gold at all equalling 
that of my preliminaiy crushings, namely, 7 dwts. to the ton. It is only within 
the last few months that some stone from ' Wrights' level ' in the Alpha works 
has yielded from 11 to 17 pennyweights. 

The returns obtained were all so much below the amount expected, that I was, 
at various times, applied to by those interested in the successful working of these 
Companies for any suggestions as to improved manipulation, or better Tnining ; 
and in July last I made a hurried inspection of the works and the machinery. 

In all cases, the mining had only been carried on near the surface ; and in 
most instances disappointing results had driven the Managers and working Direc- 
tors from one point to another of the reefs, as more or less promising stone seemed 
to present itself to the search. The Alpha Company was at a standstill through 
exhaustion of funds and breaking down of machinery ; the Wynid Prospecting 
Company had nearly run through its capital, but hoped to be able to hold on by 
obtaining g6ld sufficient to pay working expenses ; and the Prince of Wales' Com- 
pany, which has no machinery of its own, had leased that of the Alpha Company, 
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and was collecting stone in readiness for crashing as soon as this machinery should 
be again in order. 

Through the kindness of the Managing Directors, I have been supplied with 
the tables and statistics giyen in this paper ; and these will show what the results 
have been up to date. Thej do not, however, show how and whence the stone 
was obtained, or the style of machinery used ; I therefore enter into some detail 
in this paper regarding these two points. 

The main results of the gold workings up to date are, as nearly as can be 
made out— for no correct returns were kept at first — ^that the gross amount of 
gold obtained by the three Companies up to the 14th of March 1878 is 271 oz. 
9 dwts. 14 grains : the average yield of gold per ton of quartz on all this amount 
has been 4*5 dwts. ; and this gold has been sold at prices varying from Bs. 40 to 
Be. 45 the ounce. This low average yield is calculated on the whole absolute ton- 
nage of quartz extracted in Wyn4d ; but it is only fair to give the following 
averages for each Company's working :— 

Alpha Company ^ ^ 769*5 tons gives 2'27 dwts. 

Wyniid Prospecting Company ^ 99'85 „ „ 302 ,, 

Prince of Wales' Company ^ 32266 „ „ 10*5 „ 

Regarding the * touch ' of the gold, 1 have only two quotations from the Wynad 
Prospecting Company, namely :— '' It varies much in quality, running from 5| 
to 9 ; Mr. Orr values the worst at Bs. 36 per ounce." Mr. Orr, whose firm of 
jewellers in Madras has purchased most of the Wynad gold, writes me : — " The 
gold is of good quality, better than sooga gold,^ for which we have paid Bs. 45 
per ounce.'* 

The country around Dayvallah is much broken up into low grassy hiUs and 
ridges, vaiying in height up to 300 ieet, on the summits and crests of which the 
quartz reefs generally occur, and the valleys between these all lead into the 
great 2,000 feet deep Carcoor cherrum, or valley, of the Western Ghats, or into 
the smaller cherrums to the west of Dayvallah. The mines of the original 
workers, or the Korumber excavations, and even those of the latest European 
explorers, have all been run into the slopes of these small hills, or into the sides 
of the great cherrum ; but very few of these have been driven at the lowest levels, 
or from the beds of the streams between the hills. Indeed, I doubt whether any 
workings have been excavated below the levels of these streams, except perhaps 
in the sides of the Carcoor valley ; and there is no known instance of shafts hav- 
ing been sunk to the depth of the permanently water-holding country-rock, below 
that zone of variable thickness into which atmospheric influences are supposed to 
extend. 

It is not here intended, after the popular cry, to imply that mining ought to 
have been carried to any extraordinary depths, such as the 7 or 800 feet levels of 
Australia, where working was in most cases only rendered necessary by the lodea 
having been worked out to these dbpths ; nor is it an ascertained rule that richness 



* Among natiTS goldEinith», there are ordinarily three qnalities cf gold, of which " sooga 
is the me^nm. 
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of veins almost aJwajs increases with the depth ; but it is almost certain that 
displacement and non-continnify of reefs must be expected in so much of the country- 
rock as is exposed to atmospheric influences, and these defects would of themselves 
be sufficient to prevent steady and successful mining being carried on to any great 
extent at all near the surface. Local displacement can of course, as a general rule> 
only have taken place near the surface ; but as this surface in Wyn4d is a very 
uneven one, such breaks must be expected in most of the ridges and knolls of 
the Dayvallah country, and to a much greater extent on the great slopes of 
the Ghats. There is even a case in point in the Prince of Wales' Company's claim, 
where, on the east side of the ridge north of the Alpha works, a tunnel was driven 
witii the expectation of cutting the northern course of the Skull reef on the 
prevalent eastward dip, but without success. It was then conjectured, from an 
outcrop of quartz on the south slope of this ridge, that the reef dipped quite in 
the opposite direction or westward, and a new tunnel was proposed.^ The reef 
shows very well on the top of the ridge, lying at a veiy low angle to the eastward, 
but it has a tendency to resume the higher normal dip (25^ to 30^) lower down 
the slope. From all I could see, the very low dip on the summit of the hill appeared 
to be due to a sinking down of the reef on the weathered and denuded foot- wall, 
while the abnormal lie of the outcrops of quartz on the lower slopes is most likely 
attributable to local displacement of the country-rock, very large and old slides 
of decomposed gneiss being not at all unfrequent in this part of the country. 

It has been found that the reefs continue to the deep so far as workings have 
been carried out ; but as these are of little depth, the country itself can only be 
looked to for evidence of any value on this point. Certainly many of the reefs 
can, on the upland, be seen to run deeper than the Skull reef ; while outcrops are 
known to exist far down in the deep Gh&t valleys, which to all appearance are 
the continuations of reefs on the upland \ and it seems hardly probable that reef a 
which are traceable for miles in their strike can be so very limited in depth. 
There must, no doubt, be cases of thinning out, and it may be so in the case 
in question to some extent; but the evidence is against this, for some part 
of the reef (slipped or in sUu) has been struck in the last attempt to reach 
it ; though, even if it had not been struck, there would have been no clear proof of 
its entire absence^ considering that the tunnel has such a snmll section, and that 
reefs are often capricious within snmll ranges. But it is a most conmion expe- 
rience in this part of Wyn4d to find the reef outcrops much tumbled and slipped 
at various points among the ridges in the upland ; and seeing that here, well up 
the sides of the hill in question, there are large outcrops of quartz in untoward 

^ This was at the time of my visit in August last ; but it appears that no farther attempt was 
then made to strike the reef, all efforts having been directed to the nusing of stone from another 
more accessible part of the Sknll reef. In the last report of this Company it is stated that 
another endeavonr was made at the Prince of Wales' reef so late as the 1st of Jannaiy 1878 ; bnt 
that as the old workings had completely fallen in, it was necessary to begin a fresh tunnel, and 
that the reef was only struck ten days before their lease expired. The length of the tunnel Is 
given as 182 feet from entrance and about 50 feet in depth from surface ; but there are no further 
details as to direction or position. 
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positiona, one showing a westerly dip, I am the more inclined to view the case 
as one of displacement, in preference to one of sndden absence of the reef altoge- 
ther oyer any appreciable area. 

A farther source of disappointment in the present system of mining may also, 
I think, lie in a possible mechanical distribution of some of the gold irregularly 
thtt>ughout the reefs by the mere percolation of water in this zone of raried 
decompositions ; and that thus the gold may be found not only more fitfully dis- 
tributed than is at times usual with the precious met^l, but even to some extent 
washed out of the reef. Although there is no certain evidence that gold may be 
thus distributed through reefs, the possibility of such a mechanical process seems 
quite conceivable when the conditions of some of the reefs and their gold are 
considered in conjunction with the effects of such an exceptionally moist climate 
as that of Wyn^d, where the movement of water underground must be propor- 
tional to that on the surbtoe. The quartz of many reefs, as far as is disclosed by 
the old excavations, and later by recent workings, particularly in the Skull reef, 
is much fissured and veiy often minutely, and even in part continuously, cavernous, 
or, again, quite crumbling and rotten from having been so largely charged with 
sulphides, while the gold left is generally in a minute state of division; and 
throughout this style of vein-stone there is tolerably free percolation of water in 
quite sufficient force to cany off minute gold. In nearly aU the old excavations 
which I examined, and some of these are at the base of the Dayvallah ridges, 
water was dripping freely from the exposed surfaces of quartz. Nearly aU the 
long outcrops of the reefs are really just catch-surfaces for water ; while the ree& 
themselves and their clayey selvages must be, in many instances, only so many 
channels for the flow of water through the zone of decomposed rock. Among 
other modes of occurrence, the gold is found in empiy cavities, once also occupied 
in part by sulphides, which have left their impressions on the quartz ; or it is 
intimately associated with sulphides in partially filled cavities ; or, again, it and the 
sulphides fill up such hollows. In the first and second cases, more or less sul- 
phides have been removed, more generally by solution, but still to some extent 
mechanically ; most likely as fine ochre. The gold associated with these was 
then either left behind, as is often the case, or it might, if minute enough, have 
been carried along with the solutions, or subsequently, by the ever-recurring 
passage of water, to be caught again in favourable hollows, or collected in and 
against the clayey casing,^ or gravitated to the plane of constant saturation, or 
finally, carried out altogether by springs in the Obits.' 

With the possibility, then, of such a secondary distribution of part of the gold, 
and an extreme probability of encountering more or less disturbance of the ree&, 
in the ground within the reach of atmospheric influences, it becomes an import- 
ant question how far those influences may extend beneath the surface, or, in 

' The frequent richness of casing and wall-rock, though generally accoonted for by chemical 
action, may be in part also dne to this, as it were, secondary process of distribution ; for there is 
free gold here as well as in the veins. 

> For some interesting remarks upon the possible removal of gold by solution, see Raymond's 
Mining Statistics West of the Rocky Mountains (1871), p. 608. 
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other words, at what depth the plane of constant saturation may be supposed 
to lie. It may, at all events, be concluded from the old excavations in the 
country-rock, debris of which is still frequently found at their mouths, and 
from the lately driven tunnels, which were mostly in tough clay (decomposed 
felspathic gneiss), that varied decompositions penetrate throughout a great por- 
tion of the upland country to the level of lowest drainage, that is, occasionally for 
300 feet ; and on this it is reasonably inferrible that weathering extends nearly as 
deep again in the neighbourhood of the main upland streams, and far inward 
horizontally on or near the edges of the Gh4t slopes. Thus, arguing from the 
depth to which these influences extend on the upland, I should be inclined to 
look for the plane of constant saturation at 200 feet below, and 600 feet inwards 
from, the level of the edges of the Gh&ts. Further inland, the vertical depth 
might be taken at 100 feet. 

At the same time it is, as has been shown by the late success of the Prince of 
Wales' Company, always possible that rich finds may be met with, the theory of 
fitful secondary distribution even meeting this view within the zone of variable 
decompositions ; but these will be at the best but of importance in small adven- 
tures, such as those which have up to the present time been carried on in 
Wyn&d. 

The Alpha Company opened up a large quartz ' boU,* or massed assembla)^ 
of veins, called the Skull reef, not far from the site of their machinery, the stone 
having been collected partly from the surface, and partly from fresh excavations 
in the old mines of the Korumbers. An adit was run, without any careful con- 
sideration as to direction, into the west side of the hill, with the hope that the 
reef might be cut somewhere about the lowest level of the old Korumber 
workings ; but this was abandoned after a time. This excavation showed, at any 
rate, that driving will not be a very expensive item in the gold industry, as the 
rock is very largely weathered into a soft, more or less felspathic, clay, with 
occasional masses of undecomposed rook ; but timbering is absolutely necessary 
to guard against the very frequent slipping of this clay. Then, as there had 
always been a desire on the part of the Manager (Mr. Withers) to drive at the 
southern outcrop on the steep slope of the Gh4t, a tunnel was run in for a short 
distance at 'Wrights' level,' though still at a considerable height above the 
limit of permanent saturation, and well within the range of atmospheric influ- 
ences. It is, however, from the same Wrights' level that the rich stone worked 
by the Prince of Wales' Company was subsequently obtained. 

The want of success in the operations of the Alpha Company may be attri- 
buted, I think in great part, to the following causes. First, bad selection of 
stone. That there is very good stone in the reefs of the Alpha concession is 
proved by the later crushings of the Prince of Wales' Company. Second, un- 
systematic working of the reef or reefs, as exemplified in the fitful manner of 
taking stone from open quarries at the surface and from the different drifts, accord- 
ing as ^mcy led the authorities. Certainly better returns than those obtained 
might have resulted from one steadily-pursued tunnel and side galleries ; while 
they could not have been worse than those got on the desultory plan of working. 
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Third, the proper amount of stone waa never either mined or crashed in the 
time estimated for a paying result. The engine was oyerestimated in its power, 
and the 15 stamps were never worked at once ; while the calcnlation was that, 
with 15 stamps, 15 ions of qnartz could be crushed in the day's work. As it is, 
according to the returns supplied to me by the Alpha Company, I find that had 
their work been at the rate originally proposed, even under their small general 
average, the working of the mine would not have been a failure. The cost of 
raising and crushing 769^ tons of quartz was Bs. 2,971-0-5; and taking the 
value of their gold at Bs. 45 per oz., which is about what was paid for it, the 
amount realised on 91 oz. 12 dwts. 23 grains, or about Bs. 4,224-0-0, leaves a value 
of Bs. 1,252-11-0 for other expenses, besides raising and crushing. It is true 
that parts of eight months were occupied in this crushing, but the work ought all 
to have been done in two months and a half, reckoning 20 working days to the 
month ; and had the work been properly done, it is almost certain that the cost of 
raising and crushing would not have been so high as it is set down in their table, 
the average cost of raising and crushing the quartz being Bs. 3*86 per ton, a far 
too high rate for Wynid mining. 

The next adventure is that of the Wynad Prospecting Company, wbich has 
been carried on in a veiy small way with the intention of making preliminary 
trials as to the paying capabilities of the reefs. The works are situated on the 
edge of the Carcoor cherrum, near the out&ll of one of the minor streams of the 
DayvaUah country, so as to take advantage of the water-power, while the reefs 
worked are also close by. In the case of this undertaking also, the mining has 
not been systematic, nor has it been carried to any depth in the hillside or down- 
ward. Of the reefs taken up by this Company, the Monarch was tried by a 
shaft and level drift run into the eastern side of the hill through which the reef 
runs, but was given up at 55 feet, as the lode was not struck, as had been expected, 
if the dip of the reef had remained constant. Operations were then confined 
to the Hamlin, Bear, Korumber and Etacull ree&, where they crop out on the edge 
of the DayvaUah plateau, or at the top of the northern slope of the Carcoor 
cherrum, and where there is an extraordinary number of old shafts and excava- 
tions of the old gold-diggers. It was from among the leaders of these ree&, in 
the soft decomposed felspathio gneiss, that lumps of quartz with visible gold 
associated with nests of limonite were obtained. 

The Prince of Wales' Tribute Company was started on a very small scale, 
perhaps more with the idea of keeping the gold industry before the public. The 
mines, machinery, &c., of the Alpha Company were taken on a tribute for a 
certain period, and operations were commenced with stone from the old quarries 
of the Alpha works. A commencement was also made on the northern extension 
of the Skull reef in a high hill between the works and DayvaUah village, but the 
excavations were stopped owing, as already stated, to the reef not being struck 
at the expected distance, though the search was afterwards resumed, and the reef 
found just before the lease bad expired. However, a persistent drive at Wrights' 
level resulted in a find of rich stone, which continued to give good results, until 
March last, when the operations were discontinued. 
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The capital of the three Companies has thus been expended on what must be 
considered mere scratchings below grass^ from which of conrse it was always 
possible that local rich finds might have been secured ; as it is, no rich shoot of 
gold was struck until very lately, or until the capital and patience of the pioneer 
explorers was to all appearance worn out. It is evident however, from the latest 
reports of the working of the Prince of Wales' Company, that a rich vein has at 
length been struck, which may in its continued development fulfil all the promise 
of this new gold field. 

At the Alpha works, there is a stamping apparatus of 15 stamps, arranged 
in three batteries of the ordinary kind used in Australia, whence this one was also 
procured. The batteries are driven by a 15 (nominal) horse-power locomobile, 
the fuel for which is obtainable in the forests close by. It is worthy of notice 
that this engine has never worked up to the power stated, various reasons being 
given for this, as that it was a secondhand English engine sent &om Australia, or 
that the fuel was damp, both of which reasons are presumably fair. There is no 
doubt of the deterioration of fuel, there being no sheds for its storage, as should 
be the case in a climate like that of Wyn4d. However, I am firmly convinced 
that such a costly item as fuel, even in Wynad, should never be included in a 
scheme for working the gold when there is water-power sufficient for the purpose. 

From the batteries, the crushed material is passed over copper' tables, 
mercury troughs, and blanket tables, after which the tailings are treated in a 
pulveriser. It was found, however, that complete extraction was not effected 
in the pulveriser, or, as it might more properly be called, amalgamating pulveriser, 
for much float-gold and gold associated with sulphides, which ought to have been 
taken up by the mercury, passed away with the sHme. A reverberatory furnace 
was then constructed, in which the tailings were resisted and again, pulverised, 
with somewhat better results ; though even after this a perceptible amount of gold 
could always be shown by washing, and secured by hand-rubbing with sodium- 
amalgam. It was at the same time found, and experience in the other workings 
has since verified this, that sodium-amalgam should be used as much as possible, 
instead of simple mercury, in the extraction of Wyndd gold. In the pulveriser, 
the tailings are made to pass between the grinding wheels and the bevelled edge 
of the circular pan in which they revolve, while the mercury lies at the bottom 
of this edge, just below the grinding surfaces ; and thus the slime and sand are 
only ground finer, and then brought in contact with the mercury by agitation 
alone, which is not sufficient for amalgamation from these tailings, considering 
that they are so largely made up of sulphides and other ferruginous impurities ; 
while with this, the mercury is so liable to " flour" afid become granular, and thus 
incapable of taking up the minuter gold. Continued observation and experience 
show that a process analogous to hand-rubbing in the washer's dish is necessary 
for the saving of minute gold ; hence the pulveriser should have the property 
of grinding the slime in intimate contact with the mercuxy, as in the ordinary 

' These tables were subsequently, as they ihould hare been in the first instance, coated with 
sodium-amalgam. 
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' arrastre,' or else a rubbing apparatus should succeed it in the process of 
extraction. 

At the time of my last visit, the Alpha works were at a standstill, several 
repairs being in course of operation, and the engine waiting for some fitting to 
the boiler. The Manager, however, passed several samples of ordinary burnt 
tailings through the hand-process which clearly showed gold, only part of which 
was, however, taken up by even the sodium-amalgam, and there was always colour 
of gold to the last of the rubbing. 

The works of the Wynad Prospecting Company are planted a short distance 
down the slope of the Garcoor cheirum, and a wire rope, some •iOO feet long, is 
stretched from the entrance of the galleries to the works, along which the baskets 
of vein-stufE are shot to a kiln, where the stone is burnt prior to being the more 
easily broken up and tipped into the feed-box. The machinery consists of a 
Husband's pneumatic stamper, driven by a turbine having a fall of about thirty 
feet of water, and capable of crushing half a ton in eight hours, the working 
of these being remarkably easy and constant, requiring only such care as a weO- 
trained native and his assistants can give. From the stamping box, the fine 
sandy slime passes over a series of two amalgamated copper tables, with a 
mercury trough at the end of each, whence it flows by a spout to the top of the 
hollow vertical shaft of a grinding concentrator. The bottom of this shaft is 
screwed into a muller (continuously hollow with the shaft), or inverted truncated 
cone, revolving inside of a fixed pan, the lip of which is level with the upper 
edge of the muller. After passing down the shafts the stuff is ground only in 
a very inefficient manner in the pan and then agitated, but not rubbed inti- 
mately with the mercury, which lies at the lowest level, or out' of reach of the 
grinding surfaces. This defect might certainly be obviated to some extent by 
filling up the pan with a sufficient quantity of mercury ; but this was not found 
practicable at these works ; indeed, this apparatus was found to be of so little 
use either in grinding or concentration, that its employment was discontinued. 
To a certain extent, as its name implies, this machine is a concentrator ; for the 
gold and the auriferous sulphides must» perforce, remain at the bottom of the 
pan longer than the rest of the crushed material, which is carried away by the 
water ; and in this way freer scope is given for amalgamating, but effectual 
amalgamation, as fax as Wynlui gold is concerned, is not secured by such poor 
grindiBg and agitotioB. 

There is here, in fact, very much the same defect as in the Alpha machinery ; 
in both cases there is a machine which was expected to grind and amalgamate, 
but the grinding is only well done in the Alpha pulveriser, while no effectual 
amalgamation takes place in either apparatus. From the pan the stuff passes 
over a further copper table into a transverse trough, with a further and last 
supply of mercury. A horizontsd pipe, the under-surface of which is perforated, 
runs along near the bottom of this trough ; water is turned on through the pipe 
with considerable force, and by its rush among the materials at the bottom a 
violent agitation is caused, the lighter sand is driven off, and a partial concen- 
tration is effected in contact with the mercury. Beyond this, a further series 
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of sloping buddies and riffled trongbs intercept the sulphides, until the tailings 
finally fall into the catch-pit. Here, also, it was found necessary to construct 
a furnace for the roasting of the tailings, which were again passed through the 
whole process, commencing with the stamping box ; the results were not satisfac- 
tory, though the tailings clearly showed an appreciable quantify of gold, much 
of which, howeyer, could liot be saved by the apparatus provided. As usual, 
hand-grinding and amalgamation gave the best returns ; and thus it is evident 
that a rubbing machine ^ is required) in addition to a pulveriser. Two assays 
of hand-ground tailings from the reverberatoiy furnace were very satisfactory, 
giving averages of 11*66 dwts. and 6*12 dwts. to the ton. Such roasted tailings 
as I saw at these works were all so stony and slaggy, that they appeared to have 
been rather smelted than roasted, and were quite as hard as the original vein-stone. 
Authority on this point appears always to indicate a bright red heat as the limit 
of roasting, and that the roasted material can be broken up without such force 
being required as that of the stamper ; though of course it should be submitted 
to this, in order to reduce it sufficiently for the pulveriser. It is also advised ^ 
that the tailings should be freely exposed to the action of the atmosphere for some 
months in thin layers, and not piled up in pits, as is the case in the Wynid works - 
The Prince of Wales' Company, as already stated, made use of the Alpha 
mill ; but fortunately the stone raised was rich enough to dispense with extra- 
ordinary care in the concentration and amalgamation, which hardly could have 
been arranged in the time allowed during the lease, or with the small capital 
at their disposal. Under this adminbtration it was found that the working- 
power of the driving engine was only sufficient for the crushing of seven tons 
per diem, or about half the rate originally calculated on. 

The following tables are from the published returns of the Companies, or 
from returns which have been supplied to me by the Managing Directors ; and, 
from my personal knowledge of all the gentlemen concerned, I believe that they 
have furnished these returns with a firm determination to let the true tale of 
their efforts be known. Until lately, all these efforts have been unattended with 
the success they deserved, imd no gain has been made, except by the latest adven- 
ture, which has had the enormous advantage of working with machinery ready 
at hand. So &r, the work of the latter Company has been crowned wil^ what 
may be called a success ; for, in November last, 50 tons gave an average of over 
11, while, in December, 50 tons gave an average of 17 pennyweights, thus showing 
a decided tendency in the quartz to come up to my average, if not to exceed it. 

In the beginning of this paper, the average percentage of gold is given for 
all the quartz crushed, which is really the truest test of the capabilities of 
a gold-field; otherwise, between isolated and' short operations of particular 
adventures, where can a line be drawn from which an average should be reck- 
oned P But this generalisation for a whole field is obviously un&ir to |in 

' Snch a machine ib described in the laat edition of Baymond's Mining Statistics West of the 
fiocky Mountains. 

' Quartz Operator's Hand-book, BandaU, New York, 1871. 

B 
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adventure which has g^ven averages, for large quantities of stone, exceeding 
those attained in the earlier trials. I wonld therefore here record a few data 
regarding the operations of each of the Companies, collated from their tahles 
so that the good points in each may be calmly weighed against the general 
average referred to. 

The Alpha Company crashed, in abont eight months, only 769*5 tons of qnartz 
at a cost of Bs. 2,971-6-0 for raising and crashing, and obtained 91 ok. 12 dwts. 
12 grains of gold, giving an average of 2'27 dwts. This work, according to the 
original estimate of 15 tons per diem, onght to have been done in t?ro months 
and a half, reckoning 20 working days in the month. 

The Prospecting ' Company crashed 99*85 tons^ cost not given, in about 
eight months, and obtained 14 os. 19 dwts. 19 grains, or an average of 3 dwts. At 
half a ton a day, the working-power of their stamper, this is a fair rate of work. 

The Prince of Wales' Company crashed 322*66 tons in a little oyer six 
months, cost not stated, and obtained 164 ob. 17 dwts. 6 graans of gold, or an 
average of 10*5 dwts. Snch work onght to have been done in a little more than 
a month with the Alpha machinery at the originally estimated rate. 

The average cost of raising and crashing one ton of quarts by the Alpha 
Company was Bs. 2 and Bs. 1*85 respectively. Under the Prince of Wales' 
Company, the charge for mining was Bs. 4*15, and snpposably the same rate 
for crushing as with the Alpha. In both cases, these rates are far too high. No 
returns have been supplied as to these charges with the Prospecting Company ; 
but, from the experimental way in which the trials were made, the cost of raising 
was probably higher than in either of the other adventures, while that of crash- 
ing must have been proportionaUy low, coxisidering that water is the motive- 
power employed. 

In all cases, time has been the most expensive item ; the charges for super- 
intendence, pay of engine-drivers, permanent hands, and live-stock are far 
beyond any estimate which might have been proposed. For instance, in the 
account of expenditure of one Company, the charges for these amoant to 
Bs. 3,942-12-10 in nine months, when the whole transaction, if properly organised 
and systematically carried on, even allowing for the delay consequent on putting 
the machineiy in order, should have occupied, at the most^ only half this time. 

TABLE I. 

Memo, of eight months* crushing, Alpha Gold Company Limited. 



Montli. 


Qtuurts 
enubad. 


Total jield. 


ATengtt yield. 


Cost of raiflinic. 


Cost of crashing. 


TOTAK. 


1875. 


Tom. 


OE.dwt0.grs. 


02. dwts. ^. 


Rs. A. P. 


Ba. A. P. 


Bs. A. P. 


September ... 
October 


99 
40 


8 12 
8 


1 17 
4 


172 
176 9 6 


126 1 6 
170 16 6 


298 1 6 
347 9 


November ... 
December ... 


269 


24 5 12 


1 19 


291 14 


314 3 6 


606 1 6 
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TABLE I,— continued. 
Memo, of eight tuontha^ erusAing, Alpha Gold Company i/m»^<f— continued. 



Month. 


Qoarti 
ornahed. 


Total yield. 


ATcnge yield. 


Cost of nidng. 




TOfAL. 


1876 

January 
February ... 
March 
November* ... 


Tons. 

175 

170 

20 

6J 


0Z.clwt6.grB. 

22 14 

17 12 10 

8 19 15 

6 9 10 


oz.dwt8.gr8. 

2 14 
2 1 
4 
19 22 


Bs. A. P. 

298 4 6 

328 8 

182 6 

97 2 


Rs. A. P. 

269 6 

368 3 

116 3 

65 


Bs. A. P. 

662 5 
696 11 
298 8 
162 2 


Total ... 


769J 


91 12 23 


2 9 


1,541 11 


1,429 11 


2,971 6 



* Craihed at the works of the Frofpeeting Compuy. 

TABLE II. 

Memo. ofcru9hing9, Wyndd Prospecting Company's works. 



No. of 
trUI. 



Date of cleaning up. 



Weight of itone 
cnuhed. 



1 
2 
8 
5 

6 

7 
8 



1876. 

5ih October •.. 
30th „ 
11th November .. 
29th „ 

4th December... 



23rd 

28th 



n 



n 



• •• 



• •• 



9 
10 
11 
12 
18 



Cwt. qrs. lbs. 

44 

420 

500 

185 

85 

350 

40 



Yield of gold. 



1877- 



6thJannaiy ... 

9th kprl 
21st August ... 
25th September.. 
14th October ... 



175 

150 

140 

90 

108 



1,997 



oz.dwt8.gr8. 

9 17 

2 17 21 

3 6 6 
9 4 

13 1 

16 16 

4 3 



Bate per ton. 



BmABKf. 



8 18 
2 6 
3 15 
9 16 
19 12 



14 19 19 



oz.dwts.grs. 

4 10 

2 18 

2 15< 

10 

16 

10 

2 13 



10 



••• 



••• 



8 16 



3 



Not passed through amal- 
gamator. 

Picked stone ; cost Bs. 15 
per ton. 

Not passed through amal* 
gamator. 

Stone rejected in trial No. 
6. 



Not passed through amal* 

gamator. 
Hand-ground; burnt tail* 

ings. 
lir. Withers' work and 

selection. 
Tailings from No. 11 not 

burnt. 
Jacob, oarpentor's, work; 

cost Bs. 7 per ton. 
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TABLE III. 

Memo, of aeeaifs, Wyndd Prospecting Campanjf^s works. 



AWATB Ol TAlLUrefl. 


AatATB^ TASIOVS. 


Weight. 


Yield per ton. 


BSMAAKi. 


Weight. 


Yield per ton. 




lbs. 


OZ. 


dwt 


grs. 




lbs. 


OZ. 


dwt. 


g«. 




22 





6 


7 


Catch-pit, not burnt. . . 


112 





9 





Average of 200-toa 
heap, English assay. 


12 





3 


21 


Catoh-pit, burnt 
















10 





4 


20 


Blanket, not burnt ... 


10 





9 


8 


Same stuff, lathers' 
assay. 


10 





4 


18 


Buddie, burnt 


10 





2 


9 


Same stuff, Eommber i 


40 





11 


16 


Beverberatory furnace, 










j^*y; . 










hand-ground ^ 


5 


1 


3 





Eorumber s assay, 


112 





3 


8 


Beverberatory furnace, 










Bear reef No. 2. 










not ground .« 


5 





10 





Eorumber's assay. 


112 





6 


3 


Beverberatory furnace. 










Bear reef No. 1. 










hand-ground «• 


18 





2 


12 


Eorumber's assay, 


1 





1 


7 


Blanket tailings, Eng- 










sand from trials. 










lish assay ... 


9 


2 


6 







1 





1 


5 


Catch-pit tailings, Eng- 










« 










lish assay ^ 


27 


1 

























TABLE IV. 
Memo, of eruihingt, ^c. Prince of Waleif Company limUed. 



MOHfB. 


Qoarti 
craBhed. 


Total yield of 
gold. 


Aversge yield 
per ton. 


Total eoit of 
mining. 


Average coet of 
mining 1 ton. 


eniahinglton. 


1877. 
August 17th ... 
September 
October 13th m. 
November 
Ditto 
December 

1878. 
January 
Februaiy22nd... 


Tons. 

f 104-66 

12-00 
50-00 
50-00 

104-00 
2*00 


OZ. dwt. grs. 

14 10 

1 6 12 
29 9 
41 6 

77 9 18 
16 


OZ. dwt. grs. 

2 18-5 

2 5 
11 19 
16 12-25 

14 21-6 
8 


1 

V 
t 


Bs. A. P. 
362 7 

310 13 6 
926 12 6 


Bs. AP. 
3 7 8 

5 2 
5 14 8 


R8.AP. 
1 13 9« 


Total ... 


322*66 


164 17 6 


10 12 


1,600 1 


4 15 4 


1 13 9 



oz. Bs. A. P. 

Specimens of gold in quartz sold in November, about •« 4'35 175 

Ditto ditto December, „ 

Ditto ditto Jany. k Feby. „ 

Average price of gold from crushings, per ounce 



4 156 4 
23 920 
... 41 10 8 



* Presumed average, talccci from Table 1, of Alpha Company's refulti. 
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Notes ok the Bepresektatiyes of the Uppeb Gondwana Series in Trichinopoly 
AND Nbllore-Kistna DISTRICTS, BT R. Bbuce I^oote, F.Q.S., Geological Swr~ 
vey of India, 

The following notes on the most southerly group as yet known of ''plant beds" 
belonging to the upper division of the great Gondwana series, will be found to 
supplement very considerably the information given by Mr. H. F. Blanford about 
the "Ootatoor plant beds" in his veiy interesting Memoir ''On the Cretaceous 
and other Bocks of the South Arcot and Trichinopoly Districts."' 

These beds, which crop out from below the western boundary of the main 
area of the cretaceous rocks, were worked out by Mr. H. E. Blanford when in 
charge of the Madras Party of the Geological Survey of India in the year 1858, 
1859 and 1860. They were re-examined by me in the autumn of last year (1877), 
with the object of comparing them more closely with the various other groups of 
rocks of similar age which had since then been mapped during the progress of the 
Survey work northward, along the coast, into the Gh)davari valley. 

The plant remains which characterise these beds, and the discovery of which 
first led to the separation of the "plant beds!' from the overlying lithologically 
similar cretaceous series, were discovered by the late Mr. Charles M. Oldham, to 
the east of Ootatoor village, and were shortly afterwards recognised by Dr. 
Oldham, then Superintendent of the Geological Survey of India, as identical 
(in part) with the species occurring so numerously in the Bajmahal beds of 
Bengal, and with some of the fossil plants discovered in the oolitic beds of Cutch. 

The Ootatoor plants were mostly referred to the genus FaloBozamicLj one of the 
Gycadeous &jnily ; and this is the only name mentioned by Mr. Blanford, presum- 
ably because none of the others had then been determined. The plants, though 
often BO &.vourably fossilised that very delicate markings are perfectly preserved, 
are almost always very fragmentaiy in character — often mere shreds of the original 
plants. 

The beds occur in six small detached patches, which all rest directly on the 
very uneven surface of the gneiss, and form a line running north-east-by-north to 
south-west-by-south, the extreme ends of which are fifteen miles apart. 

As Mr. Blanford has given but little detailed information as to the varieiy of 

beds, the following sections will be found useful for comparison with other 

sections elsewhere. Lists of the fossils obtained by me will also be given further 

on. 

I. — Sections op the Naicolum Patch. 

Section No, 1 (in descending order). 
15. Brown and purple sandBtones with obscure plant remains. 
14. Clays and shales, buff, light-brown 



14. Clays and shales, bufi, iight-brown ) 

13. Ditto ditto, drab, white and huff j *^^' '^*^^- 

12. Sandy shale, hard, purple and brown. 

11. Shales and clays, buff and whitbh, with kunkur. 

10. Shales, gritty, ferruginous. 



> Memoirs of the Geological Survey of India, Vol. IV, l*t. 1, 1. 
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9. Shales, gritty, wiUi fine clay in nests. 

8. Ditto ditto, buff, diab and white, with reddish yellow, gritty partings. 

7. Ditto sandy, grey and drab, -with day galls. 
6. Ditto ditto, grey, wbite and baffy. 

6. Sandstones, micaoeoos, grey, reddish, thick-bedded, dip 10" to 12° east 
4. Shales sandy, white drab, grey. 

3. Ditto ditto» bn£^ drab, red, dip ^S"* north-east. 

2. Gritty beds, with much konkor. 

1. Silt, clayey, mottled white and red. 
Gneiss. 

Tliifl section extends over a distanoe of 900 paces along the lone running east from 

I^aicolum Tillage. 

Seetwn No. 2. 

10. Shales and days, micaceous, grey, white, drab, pale bnff, brown, with plant 
remains. 

9. Shales, gritty, brown. 

8. Ditto, micaceous, drab. 

7. C^ys, white, grey. 
6. Grits, micaceous. 

6. Shales, gritty, micaceous, with kunkur. 
Gap in section. 

4. Grit» hard, grey, calcareous. 

3. Shales, grey and white. 

2. Grit, brown. 
1. Boulder bed. 

Gneiss. 

This section is seen in the small rain golly running north-east from the extreme 
southernmost point of this plant-bed area. The few plant remains found in this 
section were all obtained in No. 10. Amongst these were a fairly well preserved 
specimen of part of a frond very nearly allied to (if not identical with) Otozamttes 
ahhreviatua and a pinnule of PttU^hyllwm a/yidifolium. The other plant remains 
were undeterminable, grassy-looking stalks. Mr. H. F. Blanford describes the 
plant beds here as abounding in Zamias^ so probably he had the good Inck to 
hit upon particular beds rich in fossils which escaped me, though I searched yeiy 
carefully for them. His description gives no cine as to what part of the series he 
f 6und the fossils in. 

From section No. 1, 1 obtained nothing recognisable on cursoiy examination, 

and was prevented by bad weather from making a closer search. 

> 

« 

II. — SlCTIONS IN THB OoTATOOR-TbRANT PATCH. 

Both ends of this patch of the plant beds proved themselves rich in fossil 
remains, representing a considerable number of genera characteristio of the 
Bajmahal flora. The following section No. 3 gives a good idea of the saocession 
of beds in the soathem part of the patch : 

89cUon No. 3. 
23. Gritty sandstones, grey, massive. 
22. Ditto^ coarse^ fezruginoos, purple to brown, rolling. 
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21. Gritty aandstones, and shateft, gr^y, alternating. 
20. Ditto, boff and drab, false bedded. 

19. Ditto, grey attd whitiah grey, flaggy* 

18. Shales, gritty, grey, drab. 
17. Gritty sandstones, coarse, fermginoiis. 
16. Ditto» buff, false bedded. 

15. Ditto, grey, drab. 

14 Shaled, sandy, drab. 
13. Ditto, white, grey, bnffy. 

12. Gritty sandstones, brown, flaggy, with a few pebbles. 
11. Ditto, false bedded. 

10. CoBglomerates and sandstone Qocal), with red day in galls and lenticular 
patches. 

9. Pebble and, boulder bed (local). 

8. Sandstone, gritty, buff, brown. 

7« Ditto, ferruginous. 

Small fault 

6. Grit, shaley, drab. 

6. Conglomerate, gritty, ferruginous, enclosing gneiss pebbles. 

4. Grit, fine light-colored, enclosing boulders. 

8. Ditto, coarse, ferruginous. 

2. Ditt(>, &ie bedded* shaley, brown, buff, pinkish. 

1. Boulder bed. 
Gneiss. 

The direction of this section is, loughlj speaking, from west-sonth-west'to east- 
north-east, and the length abont one-third of a mile. The dip is easterly, bat shifts 
several points northward and southward with the rolling of the beds.. The 
average dip is from 12^ to 15,® bnt varies a good deal in parts. The plant 
remains were mostly obtained from beds Nos. 13 and 14, bnt a few also from a 
thill bed of clayey red sandstone, a little distance south of the section locally 
underlying No. 11. 

The fossils obtained at the Teranj end of this patch of plant beds were found 
in the materialB excavated in sinking two new howrisi in the paddy flat im* 
mediately east of the villages. As the beds are nearly horizontal, their base is 
obscured by the water in the wells ; but they are probably low down in the series, 
as they lie close to the gneiss boundary. 

The fossiliferous rock is a fine shaley micaceous sandstone of deep buff colour, 
and unfortunately rather friable, so that the impressions of the plants are very 
easily effaced. They will be enumerated further on. 

III. — Thb (Kauray) Kiw Patch. 
A good section of the western end of this patch is formed by a nullah whicb 
^drains into the tank north-east of Terany. 

Section No. 4, 

16. Grit, purple (overlaps on to the gneiss). 
15. Shales, drab and buff and grey, mottled. 
14. Ditto, sandy, buff, with large concretions. 
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13. Grit, with band of balcareous concretionBi some qmte gritty. 

12. Shales, grey and bitfT. 

11. Ditto, baff, reddish^ with gritty partings, locally. 

10. Grit, hard, purple, brown. 

9. Calcareous concretions, band of, with much knnkur* 

8. Shales, sandy or clayey, buff, yellow, grey, white. 

7. Grit, hard, purple, orange. 

6. Shales, clayey, grey, white, with bands of ferruginous concretions. 

5. Grit, hard, purple, brown. 

4. Ditto, mottled (with gneiss pebbles). 

3. Ditto hard, thin-bedded, orange and purple. 

2. Shales, clayey and sandy, grey, mottled, with sandstone partings. 

1. Grit, semi-compact, mottled, purple, buff, orange, grey and white, with fn^^ents 

of felspar, ferruginous concretions, and much kunkur. 
Gneiss. 

The sncoesBion of the beds in the upper or northern part of the section is obscure, 
but they seem to succeed each other regularly, and to abut against the gneiss, 
which here rises in a steep bank. The mineral character of the different beds 
changes so rapidly, that it is very difficult to trace them with certainty where the 
sections are not very clear and distinct. 

A little to the east of the above section the basement bed is of a bright blood-red 
with grey and white specklings, and the representative of No. 3 on rich red or purple 
grit. The boulder bed, so characteristio elsewhere, does not occur in this section. 

Fossils are not numerous in this part of the Elari patch ; the only one found 
by me was a rather fine frond of OtozamUeSy procured from the buff shale bed 
No. 8. 

IV. — The Coodicaud-Kullpaudt Patch. 

The greatest development of the boulder bed at base of the plant series is to 
be seen to the north-west of Goodicaud, and here, as near Ootatoor, the included 
boulders are greatly decomposed. The spaces between the botilders are occupied 
by a fine silt of buff or brownish yellow colour. The following section of the 
lower part of the series was observed in a rain gully east of lyalur (Aiyalur) : 

Section No, 5. 

6. Grit, greenish, yellow. 

5. Ditto, ditto and drab. 

4. Limestone, coarse concretionary, dull-brown, with badly preserved traces of plants. 

8. Grit, buff. 

2. Grit, silty, buff, with much kunkur. 
1. Boulder bed, with buff silt. 

The impressions of plants in the limestone are not recognisable. The beds roll 
about at low angles, but have a general low dip south-eastward. The upper bed 
is covered by cotton soil, which extends for a considerable distance eastward. 
Further to the north-east the plant series is more fully exposed in numerous deep 
}uin gullies, and shows, as pointed out by Mr. Blanford, " alternations of mica- 
ceous shales and grey sandstones and grits with great gritty calcareous concretions/' 
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The dip ia eastward or north-eastward at angles from 8*" or 10® up to 15** and 20.** 
Plant remains are rare ; Mr. Blanf ord failed to find any, but Mr. Oldham was more 
fortunate ; and I too succeeded in finding some in two beds. In the first case, the 
matrix was a rather coarse friable micaceous shale, and the remains neither 
characteristic nor preservable. In the second case, a fine-grained, rather soft, 
bu£^p^-brown, sandy shale near the base of the series yielded well preserved, but 
fragmentary, remains of Pterophyllvm sp., of Ptilophglluni cuichmse? and 
Angiopteridivm spaihulaiwnf besides a Gycadeous (/), fruit and stalk-like frag- 
ments. 

V. — The Disputed Bjbds at Maravatur. 

According to Mr. H. F. Blanford's views, no true plant beds occur northward 
of the Coodicaud-Kullpaudy patch just described, but, according to Dr. Oldham's 
views, another patch of them occurs about a mile to the north of Maravatur 
(Moraviatoor of Sheet 79). Mr. H. P. Blanf ord contended strongly that the 
latter beds were really of cretaceous age, though petrologically very like the true 
plant beds further south ; and based his contention mainly on the fact that he 
could " not find any remains of plants," while the stratigraphical relations of the 
disputed beds and the overlying Ootatoor beds appeared to indicate conformity 
and true sequence. Dr. Oldham, on the other hand, insisted that he had dis- 
covered true Bajmahal plants in these disputed beds in 1859, and again when he 
revisited the place in 1861. 

The results I obtained after a most careful examination of this disputed patch 
of ground compel me to adhere to Dr. Oldham's view, that it is an extension of 
the true plant beds. Plant remains do unquestionably occur in several of the 
beds near the gneiss, together with impressions and casts of a small bivalve 
shell. The plant remains are, it is true, very ill preserved and quite fragmentaiy, 
but patient searching yielded a number of specimens which admit of approxi- 
mate determination ; and these represent some of the commonest forms in the 
undisputed plant beds of Terany and Ootatoor. Had I not found these plant 
remains, I should have sided with Mr. Blanf ord, for the stratig^phical evidence 
of a break is wanting. 

The fossil plants that are recognisable in the specimens I obtained are various 
fronds of Angiopteridium, a fragment of a fern veiy near to Sphenopterisy and 
fragments of Ptilaphyllum, Macrotceniopteris ovata (f), and Dictyozamites. I have 
sent up 19 specimens of plants in all to our Museum from Maravatur, and should 
have sent many more but that they had crumbled into dust, owing to the cases 
they were packed in having, together with much of my most valuable luggage, as 
despatch-box, book-box, gun-case, &c., been soaked in a tank for some while through 
the cleverness of a cartman. As will be readily understood, when the identity of 
the source of the materials of which both the plant beds and overlying cretaceous 
rocks are formed is considered, there is a very strong petrological resemblance 
between many of the beds in both formations. There is quite as great a variety 
in mineral character and colour among the members of the plant-bearing series as 
in a similar thickness of deposits in the cretaceous group. To my mind, they 

c 
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are by no means so monotonous in composition or colonry as compared to the 
Cretaceous rocks, as Mr. Blanford's description would lead one to believe.^ 

The position occupied by the several patches of Bajmahal beds now describecf 
is quite analogous to that of the various other patches occupied by them along 
the coast as far north fls the neighbourhood of Ellore in the Gtxlavari district. 
There is also very strong resemblance in the petrological character of these beds 
with many of those occurring in the Chingleput, Nellore, and Eastna districts, 
as will be pointed out further on. Many beds in those districts ore unquestion- 
ably of marine origin, as proved by the fossils they enclose ; and such beds enclose 
also numerous plant remains in no wise different in kind, or in state of preserva- 
tion, &om those not associated with marine remains, l^his throws a doubt on 
the assumption, that all the Bajmahal beds in Trichinopoly district are of fresh- 
water origin. Except the negative evidence from the absence of marine fossils 
from such beds, there is no ground for supposing such beds to be of fresh-water 
origin ; and this latter supposition requires a total rearrangement of the geogra- 
phical conditions which may, from recent analogy, be supposed to have existed 
at that period. When Mr. Blanford wrote his Memoir, it is true none of these 
other Bajmahal formations were known or suspected to be of marine origin ; his 
deduction therefore of their fresh- water origin was natural. 

The discovery of a marine &.una in the southern representatives of the 
Upper Gondwana series was first made by myself when surveying the Sri- 
permatur area west of Madras in 1863. From the nature of the plants there 
discovered in the same beds of (white or grey) shales with the marine remains, 
no doubt could remain of their formation being truly of Bajmahal age. Since 
then still more strikingly marine beds have been discovered containing Bajmahal 
plants, e. g.y the Bagavapuram shales in the Godavari district by Mr. Eling, 
Deputy Superintendent^ Geological Survey of India (in 1874) ; also the Yemi- 
yaram shales in Nellore district (by myself in 1875) ; and the Buddvdda shaley 
calcareous grits also in Nellore district (found by me in 1876). The northerly 
extensions of the two latter formations into the Kistna (Guntoor) district are 
also of marine origin, and so, too, are the plant-bearing beds further south in the 
Nellore district at and around Kandullur. 

The nature of the small bivalves found in the " disputed beds " at Maravatur 
has not yet been determined critically ; but they look to me, if I may trust my 
memory to that extent, very much like some minute shells that I found in some 
of the plant beds north and soutii of Kandullur, associated with other unques- 
tionably marine shells. 

In his interesting paper " On the Age and Correlation of the Plant-bearing 
Series of India,'* read by Mr. H. P. Blanford before the Geological Society (of 
London),' he speaks of '' beds with marine fossils intercalated with them " (the 
plant beds) ; this is not correct, for there is no separation of the beds. Where the 
marine fossils occur, plant remains occur also, and often in the same hand speci- 
men ; and these plant remains are precisely in the same condition, and fossilised 

1 Memoirs, Q. S. I., yol. iv, pi 42. 

' Qa«r. Jooru. Qeol. Soc., vol. XXXI, p. 519, 1876* 
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in the same way, as those oocuning in other shale beds, where marine fossils are 
not found. This association of the plant and animal remains occars also, and 
very markedly, in the shaley beds at Yemivaram (in Nellore district), and farther 
north in the Kistna district. 

I confess it appears to me to be nnnecessary to imagine that any of the beds 
are of fresh- water origin, simply because of the absence of marine fossils from 
some of them, when they abound in other beds intimately associated with, and 
perfectly conformable to, the former. A change of level and of other geographi- 
cal circumstances, so great as to replace the sea by a lake, or large river, or t;ice 
versdj is one of such magnitude, that it would surely produce some stratigraphical 
discordance of corresponding import. No such discordance is traceable in any 
of the numerous patches of Upper Gondwana plant beds that I have now seen. 
The absence of marine fossils from some of the beds should therefore, I submit, 
be explained in some other way. 

For the sake of comparison, I give below several sections from the more 
northerly patches of Upper Gt>ndwana rocks. The first of these occurs in 
the banks of the Nagg^ry river at Chittapuram, a little below the junction 
with the Tritany river, in North Arcot district. The same beds occur in both 
banks, but they are best seen in the right, or south, bank. The succession 
of beds in downward succession is the following i~ 

8. Laterite and quartzite shingle bed. 

7. Qaartzite shingle, with sandy matrix. 

6. Gritty friable sandstone with shaley and knnknry layers; the^ gritty parts 

much false^bedded. 
6. Quartzite shingle, with sandy matrix. 

4. Friable sandstones, with plant remains. 

3. Coarse shingle, matrix of sandy clay. 

2. Clays, light brown grit, with bands of sandstone and plant remains. 

1. Boulder bed, resting on the gneiss which shows a little to the west 

The plant remains were obtained from the corresponding beds on the north 
bank of the river. They consisted of a small, but broad, leaf, closely resembling 
Ma4irot(Bni4ypteri$^ ovaia, from No. 4 of which several specimens were foimd, and 
of fragments of fronds of Dictyozamiiea and Ptilophyllunif from No. 2. 

The sections near Sripermatur are such very shallow ones, that they afford 
but little material for comparison. The best perhaps is that seen in the Kam- 
bam Kal (a channel feeding the great Sripermatur tank), about half a mile west 
of the Engineer's bungalow. The beds exposed are — 

5. Lateritic sands, with quartzite implements. 

4. Shales, pure white, compact — the *' phint beds." 

3. Grits, yellowish, coarse^ with shaley partings, much false^bedded, very friable. 

2. Shales, sandy, micaceous. 

1. Sandstones, gritty, white and greenish, grey, friable. 

The last section that I will quote from the Sripermatur area occurs at Yatam- 
bakam (Yantambanum of Sheet 78) in the southern part of the area, where a 
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small headland some 30 feet high juts oat ^m below the Oragidam laterite 
plateau. The beds here seen 



13> Laterite gravel, with quartzite pebbles. 

12. Clay, white sandy, with concretionary lateritic ironstone. 

11. Grit, friable, coarse brown, buff and whitish, with shale and sandstone partings, 

passing down into— 
10. Sandstone, brown and reddish-brown, compact, lateritic and shaley. 

9. Sandstone, buff, very fisaole and shaley. 

8. Clay, sandy, white and pale baff» rather friable with plant remains. 

7. Sandstones, shaley, pnrple and buff with clayey partings. 

6. Shale, sandy (local). 

5. Clay, white. 

4. Sandstone, shaley, purple at top, buff below. 

3. Clay white. 

2. Sandstones, thin-bedded, buff, more gritty and purple at top. 

1. Shales, sandy, whitish, friable. 

The plant remiains in No. 8 are nnmeroiiB and well preserved, but very 
difficult to secure, owing to the very friable nature of the matrix. Among the 
fossils were two or three species of PtUophyllwn and Angiopteridium. 

There is nothing in the Trichinopoly plant beds that resembles the hard 
compact shale variety which occurs at several places in the Sripermatnr area. 
In texture and lustre this shale is sometimes almost porcellanic, and when 
f ossilif erous contains the best preserved remains found. A similar variety is 
common at Yemiveram in the north-eastern comer of Nellore district. Here it 
is, however, never quite so hard as the hardest forms seen near Sripermatur, but, 
like them, shows the fossils enclosed in a high state of preservation. 

Most of the fossils found in the Sripermatur area and at Yem&varam are 
covered by a thin film of colour, either red or purple, more rarely brown or black, 
which does not extend to the surrounding shale or sandstone, so that the organ- 
ism is strikingly set off. It is very rare for the colour to extend beyond the 
limits of the organism. This colouring is much less frequent in the Trichinopoly 
specimens. The vegetable fossils from all the Upper Gondwana formations on 
the Coromandel coast agree in being very fragmentary, however well preserved 
they may be in other respects. They were evidently swept out to sea in some 
condition, and speedily imbedded before decay attacked them. 

The Trichinopoly patches show many fewer argillaceous beds than do the more 
northern ones, especially those in the neighbourhood of Madras and of Quntoor ; 
this may be due in great measure to the different mineral character of the mass 
of the gneissic rocks which yielded the materials of which these younger rocks 
were built up. Both opposite the Madras and Ghmtoor Upper Gondwana 
areas, coarse, highly felspathic granitoid gneiss constitutes the main mass of the 
country over many hundred square miles, while the bulk of the gneissic rocks 
forming the Patchamallays, the high lands which yielded great part of the 
materials of the Trichinopoly beds, are pre-eminently silicious and ferrugi- 
nous. 
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Of the sections to be seen in the patches of Upper Gondwana rocks oociirring 
on the borders of the Nellore and Kistna districts, two only are worth special 
notice ; for, as a mle, the beds are so little exposed, that it is impossible to trace 
their succession with any certainty. This is due in part to the very slight eleva- 
tion of the area they occupy, much of it being hardly raised above the geneiul 
level of the band of coast alluvium, in part also to the very great thickness of 
cotton soil which extends far and wide over all the older formations. The two 
best sections are the Yemivaram section (only 8 miles from the coast and 12 
miles north-east-by-north of Ongole) and the Boodavadah section, 11 miles to 
the north of the former. In neither section are the uppermost beds seen, being 
obscured by the coast alluvium and superincumbent cotton soil. The exposed 
beds are, in downward succession, — 

9. Shales, purple. 

8. Do., bu^. 

7. Do., Boftish, brown, white and purple. 

6. Do., bard, with red and brown sandstone partings. 

5. Do., do., partly flaggy, variegated. 

4. Sandstone, parting. 

3. Shales, thin, flaggy, buff and white, rather hard, " fish bod." 

2. Do., sandy, mottled. 

1. Sandstones, shaley, hnSfy in colour. 

The base of the section is also obscured by cotton soil, but about a mile to tho 
west, softish gritiy sandstones are seen resting on a hummocky granite gneiss, 
analogous to parts of the boulder beds forming the base of the Ootatoor plant 
beds in so many places. Some of these gritty sandstone beds abound in frag- 
mentary plant remains, impressed in red colour on the friable surface. Among 
the impressions many are not determinable, but perfectly recognizable fragments 
of Dictyozamites (a small form) are veiy numerous amongst the others. A series 
of these was sent up in 1875, but from the great friability of the sandstones it 
is very possible they did not bear the journey. Except in the coarser character 
of the rock, the general appearance and mode of occurrence of the fossils from 
these bottom sandstones are a good deal like those of the fossils found at Terany 
in Trichinopoly district. 

The second section in the Nellore-Kistna ground, to be quoted for comparison 
with the Ootatoor plant beds, occurs at Budavada in Nellore district, 25 miles 
north-north-east of Ongole, and 3^ miles west-north-west of the travellers' bun- 
galow at Inkdu on the old Madras-Ghintoor road. This section seems to take in 
the whole of the Upper Gt)ndwana8 in this region, but is not by any means as 
distinct as might be wished, and I offer it as an approximation to the truth and 
as liable to possible modification hereafter. The section is based upon the results 
of examination of a series of wells, supplemented by a few poor outcrops and 
small stone pits. The obscurity is due to the great thickness of cotton soil over 
the eastern half of the section. 

The section which extends from half a mile west of Budav^ula (Boodhawadah 
of Sheet 76) runs due east for the first half of its length, and then turns north-east 
up to the village of Pdvulur, the total length being 2^ miles. The scries of beds 
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bore seen, and which I divide into three groups, is thus arranged in downward 
euooession :— 

{9. SandstoneB, friable, coarse reddish>bn>wn. 
8. Do., hard, gFeenish-bUck, calcareous, slightly shelly 
weathers giey or brown. 
7. Do., fi^ble, drab, pale brown. 
Vemayabam Gboup ^ 6. Shales, various, hard and soft, mottled in parts, generally light 

grey in colour. 
'5. Sandstones, gritty, calcareous and full of shells, rather hard and, 

tough when fresh. 
4. Do., shaley, friable, drab, baffy. 
BuDAVADA Gboup ..."^ 3. Do., hard, brown, alternating several times with shaley 

beds. 
2. Do., massive, hard, brown. 
-1. Do., pebbly, outcrop much weathered. 
Gneiss 

The general dip is easterly, at varying and generally very low angles. Beds 
Nos. 4, 5, 6 and 8 contain marine shells ; Nos. 5 and 6 contain plant remains as 
well, and No. 9 plant remains only. 

The Yenti&varam shales, I believe to be represented by the shales No. 6, and 
these latter do not differ much, as far as seen, from many of the softer beds in the 
Vemivaram section, and they resemble many of the shales in the Ootatoor group. 
The shelly sandstones. No. 5, are utterly unlike anything as yet known in any 
of the other Bajmahal areas throughout India. 

Whether the three groups into which the plant beds of the Nellore-Kistna 
area here show themselves to be naturally divisible can be correlated with the 
three groups Mr. Eling has established for the Upper Gt)ndwanas of the Goda- 
vari district remains to be seen, when the flora and fauna of the more northerly 
series shall have been worked out. I am inclined to doubt it at present. Of 
the petrological agreements there can of course be no doubt, but the paJseonto- 
logical evidence of the most important plants, and of the very interesting crusta- 
cean of the genus Eryon which I discovered at Yemivaram, appear to me to 
indicate that the Yem4yaram group is of the same age, and not newer than 
Mr. King's Oolapilly sandstones in the Gt)davari district, which Dr. Feistmantel 
regards as a true Bajmahal formation. I look upon the Yemavaram group as 
the true marine representative of the Bajmahal formation proper. My reasons 
for so thinking I will not discuss here at length, but reserve them for a fuller 
account of the Nellore-Kistna Upper Gondwana groups, which I am now engaged 
upon. 

None of the '^ plant bed" areas of the Madras Coast has been exhaustively 
seasched, and further research may yet add largely to their floras and faunas ; 
but such further research is not likely to be undertaken by members of the Geo- 
logical Survey, at any rate for a very long time. The collections we now possess 
must therefore for the present be assumed to represent fairly the real contents 
of the several groups of beds. By means of the rough lists of fossil plants from 
the Ootatoor group of patches severally, the Sripermatnr area generally, and 
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Vemivaram and Budavada severallj, wbich I give below, tbe respective floras 
may be compared rongbly. 

A few facts concerning the distribution of the leading plants which the mere 
lists do not show may be pointed out in conclusion of mj notes. Dictyozamites 
is a genus very rarely found in the Ootatoor group of beds ; it is rather more fre- 
quently met with in the Sripermatur area, but by no means a common plant 
there; at Vemdyaram, on the contrary, it is one of the most numerous, and 
shows considerable varieties of form and size. Angiopieridium spcUhcdatum is 
very common at Terany, and occurs in most of the other Ootatoor localities ; it is 
rather uncommon in the Sripermatur area and one of the rarest forms seen at 
Vemivaram. The form most peculiar to the Sripermatur group, where it occurs 
frequently, is one I take to be a Conifer hitherto undescribed. This form, which 
has some resemblance in the arrangements of the leaflets on the stalk to Tctxites 
tenerrimus, Feistmantel, figured in the Flora of the Jabalpur Group, but greatly 
exceeds that species in size, is very rare at Yemivaram, and was not found at all 
in any beds of the Ootatoor area. Echinostrohtts rajmahalensis is numerously 
and remarkably well developed at Yemivaram; it is rare in the Sripermatur 
area, and absent from the Ootatoor plant beds. Similarly the genus Ptero-^ 
phyllwm is much better represented both in number of species and specimens at 
Yemdvaram, than either at Sripermatur or in the Ootatoor area. 

Dr. Feistmantel considers the Sripermatur group and Trichinopoly or Oota^ 
toor plant beds as equivalents of Mr. King's Bagavapuram beds (Godavari 
district), a view in which I am quite prepared to agree with him. As already 
mentioned with reference to my Yemivaram crustacean, which he described as 
Eryon Gomp. Ba/rrovensU^ he has, owing to some unfortunate confusion of the 
collections, looked upon the Sripermatur and Yemivaxam fossils as both coming 
from the vicinity of Madras, though in reality belonging to localities more than 
200 miles apart. When he comes to separate them, I quite expect he will see the 
necessity of looking upon the Yemdvaram beds as rather older than both the 
Sripermatur and Ootatoor plant beds. 

The following lists give the fossils collected by me from the several patches 
of the Ootatoor plant beds ; their determination is of course only preliminary, 
the final one having yet to be made by Dr. Feistmantel at the Museum in 
Calcutta, where they can be compared with the type specimens of all the Upper 
Gondwana floras at present known. The several localities are arranged in their 
geographical sequence from south to north. In drawing up and correcting these 
lists, I have of course availed myself as much as possible of Dr. FeistmanteFs very 
valuable monographs. 

1. Naicolusc^ 

JPtHophyllum acuiifDlium, 

Otozamites abbrwiatue f 

Branching leaf-like stalk. 

Grass-like branching (dichotomons) leaflets, very delicate. 

Stalk with central groove. 
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2. OOTATOOS. 

Cyclopteris / 

Alethopteris indica. 

Angiopteridium apathulaium. 

MaeroUBniopteris avata ? 

Zamites ? 

Ptilophyllum acut^olium. 

Pi. cutchense ? 

OtozamiUa 7 

Palissya, 8p. 

Seeds or small fruits, ntunerons ; Cjcadeoos P 

Stalk ribbed. 

8. Tbbavt. 
SphenopteriSf sp. 
AUihopteris indiea, 
Angiopteridium gpaikulaium, 
MacroieBniopteris, sp. 
M. ovaiaf 
Pteropkgllum, sp. 
Pt distansf 

PtUophyllum acutifolium, 
Didyozamitea indieut, 

Oiozamitejtt sp. 

PalHssga indica. 

CheirolepU t 

Seeds or small fruits. 

Stalk-like fragments of Tarions shapes. 

4. KiBi (Kaubat) South Patch. 
Otozamiies, sp. P ahhreviatuaf 

6. Ettbiead (CooDicAirD)-KuLiPAUDY Patch. 
Angiopteridium spathulatum. 
Pierophyllum, sp. 
Ptilophyllum cutchense f 
Frait or seed, cycadeousP 
Kibbed stalk of >-P 

6. Mabatatur. 
Sphenopterie, sp. 
Angiopteridium, tpaikuUxtum. 
Afacrottsniopterie onata ? 
PtUophyllum acutifoliumm 
JDhtyozamitee indicus. 

Lists of the fossil plants from the Sripermatur and Vem&varam groups and 
from Budav&da are added, to assist in comparing all the groups. 

Sbifsbmatitb Gboup. 

Sphrniopterist sp. 
Pecopteria f 
Angiopteridium epathulatum. 
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MacrotcmiopterUt Bp. 
PterophyUum, sp. 
Ptilophyllum acui{fblium, 
Pt etUchense? 
Otozamitesy sp. 
Dietyozamiieg indicus. 
Palissya, sp. 

JEchino8trobu9 rqfmahaleneis. 
Grassy stalks. 

Scales or brjtcts. P Araucaritea, 
Seed vessels. 
Coniferous leaves, undetermined. 

Vbmatasam Group. 

Spkenopteru, sp. 

Diehsonia, sp. 

Cyelopleris? sp. 

Alethopter%9 indica. 

Anyioptendium spathulatum. 

Maerotaniopteria ovata, 

M, sp. 

PterophyUum dutatia f 

Pt. sp. 

Pi. fisaum, 

Zamitea proximua* 

Ptilophyllum acutifolium. 

PL cutchenae, 

Oiozamitea, sp. 

Dictyozamiiea indicua. 

Palisaya indiea, 

Cheirol^pia ? 

Mchinaatrobua rajmahalenaia, 

AraucarOea, sp. (/ macropterua.) 

Cunninigkamitea duhioaua ? 

Coniferous leaves, undetermined. 

The plant remains obtained from the shelly grit No. 5 at BndaTlida were :— 

Anyiopteridum apathulaiwm, 
Ptilophyllum acutifolium. 
Otozamitea ahbreviatua 7 
Dietyozamitea indicua. 

The shales No. 6, the apparent equivalents of the Vem&varam shales, yielded :— 

PterophyUum sp. 
Ptilophyllum aeut^olium. 
Pt cutchenae^ 
Paliaaya indica ? 

The list of Vem&varam fossils vras drawn np from only a small part of my 
collections, and is therefore far from complete, but, as it is, it shows a far greater 
wealth of foim than appears in any of the other localities. 
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Senarmontitb fbom Sarawak. 

Wlien recently arraDging the Indian and foreign ores of antimony in the 
Geological Museum, I found, amongst those from Sarawak, in Borneo, which 
consist mainly of the sulphide and native antimony, a specimen which contains 
more than one oxide. It is about half a pound in weight, and consists of native 
antimony with gtibnUe^ greyish- white and grey filamentous tufts, which appear 
to be voleniiniie, but which are only distinctly visible under the lens, and cannot 
be isolated for examination, sencmnontite and cervamiite. The first four are rather 
intimately mixed up, but small fragments of the senartnontite are separable, suffi- 
ciently large for satisfactory determination. It occurs both massive and in 
crystals, which are unmodified octohedrona : the larger of these are about a 
fiftieth of an inch in diameter ; the hardness is about 2, the colour of the massive 
portion is white and greyish, with resinous lustre ; the crystals are grey and 
translucent, with sub-adamantine lustre on the &ces. On charcoal the mineral 
gives an abundant coating of antimonious oxide ; it dissolves in hydrochloric 
acid, the solution yielding a white precipitate with water and an orange-red one 
with hydrosulphuric acid. I am not aware that senarmomtiie has been previously 
noticed from Sarawak, and hence put the above observation on record. 

F. R. MALLET. 
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On ths Geographical Distbibution of fossil orqakisms in India, bt Dr. W. 

Waagbn. 

(With a Map). 

Bead at the meeting of the Mathemaiical and Natural Science Section of the 
Imperial Academy of Sciences, Vienna, 1st December 1877. 

Translated by B. Bruce Foote, f.g.s., Geological Survey of India. 

Although msjij facts relating to the geology of Indi^.have been made pnblio 
through the labours of the Geological Survey of India and the activity of many 
non-professional geologists, there has been no work by which it was possible to 
obtain a view of what was known up to date, and the absence of any even 
approximately accurate general map has been a very sensible want in Indian 
geological literature. Ghreenough*s map was utterly useless, because perfectly 
untrustworthy ; India, as shown in Marcou's geological map of the world, is on 
much too small a scale to be useful in more advanced discussions. It cannot be 
my intention to remove this inconvenience thoroughly ; to do that lies solely in 



^ote. — The Geological Survey of India has been specially unfortunate in prematurely losing the 
services of the two accomplished palaeontologists who successively undertook the highest branch of 
its investigations ; as palseontological researches, more than any otheirs perhaps, demand a close 
acquaintance with an immense array of details, and the patient discussion of these from various 
points of view that are still, more or less, debatable. We are therefore to be congratulated that 
Dr. Waagen has been able to bring together his reflections upon the information he collected while 
his health permitted him to work in this country. This most recent essay upon the primitive 
geography of India by a palsontolog^cal expert, is re-produced in our Records for the benefit of 
students who may not have access to the original paper. There are, as the author himself sur- 
mises, numerous small mistakes of geographical detail, etc. ; but as they do not affect the general 
purpose of the paper, they have been left uncorrected. — H. H. Msplicott. 
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the power of the Director of the Geological Survey of India, for he alone has at 
his command the materials necessary for the construction of a detailed map on a 
lai'ger scale. The g('ology of India shows, however, so many most interesting 
facts that can only be represented on a cartographic basis, that I have no hesita- 
tion in laying down on a small sketch map, even at the risk of many inaccuracies 
in detail, what are at present approximately settled facts. My sole object now is 
to show in bold outlines the geographical distribution of the several formations 
in India, and for that purpose the annexed map is amply sufficient. As the title 
of this essay already shows, the geological map is not the object in view ; it is 
intended only as a basis for the discussion which deals with the geographical 
distribution*of fossil organisms. It is only by the absolute want of any general 
geological map of India that I am forced to compile one from existing sources and 
my own experiences, but for this I should have greatly preferred availing myself 
of what already existed.^ 

The peculiarity of the subject demands, besides, a peculiarity in the representa- 
tion such as has till now been but rarely applied to geological maps. I found 
myself compelled not only to separate the formations according to their boundaries, 
but also to represent clearly the differences of ^cies in the formations themselves, 
so that the first glance at the map should g^ve a general view of the distribution 
of the facies. It will be only by this method of representation that one can 
follow with ease the conclusions which I feel myself justified in drawing from the 
geographical distribution of the fossils. 

It has long been known that the different formations in various parts of India 
have been developed according to very different types, and this diversity attained 
often such a magnitude that it appeared almost impossible to harmonize the 
succession of formations in one region with that obtaining in another. It has 
become customary in India to recognize (following Blanford) two chief types of 
development which were designated as the Himalayan and Peninsular types : the 
first of these was compared with the Alpine type of the European scale of form- 
ations, the second with the extra- Alpine type, without entering into other and 
more special analogies. But several writers in India^ had already pointed out that 
probably the greater part of the plant-beds of the Indian Peninsula were of fresh- 



^ I base my little map chiefly on the snnreys and reports of my former colleagues, the memben 
of the Geological Survey of India, bat in several cases I conid only give the bonndaries of form- 
ations approximately, as the reports are frequently unaccompanied by maps, e. g,, in the regioa 
south of the great basaltic districts, in the lower course of the Godavari, in Rajpniana, and in Sindh, 
&c. (Vols XII and XIII of the Memoirs Geological Survey of India were not available to mo when 
preparing the map). For small parts of Behar, the Central Provinces and Rajputana the repre- 
sentation is based only upon probabilities, as both reports and maps are wanting in these cases. I 
have no hesitation in thus drawing attention to the deficiencies of my map, for one reason that 
the object of the present publication does not centre in the map, for another, that the inaccuracies 
at the points indicated are probably not of a character to alter materially the general view of the 
geological structure of India which is the aim of the map. 

' Lately by U. F. Blanford : Quart. Joum. Geol. Soc., Lond^ 1875, and before him by T. Oldham, 
W. T. Blanford, and several others. 
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-water orig^. TMs, however, does away with all analogy with the European extra- 
Alpine formations ; and a much more important distinction is established between 
the two chief types of development of the Indian formations than is the difference 
between Alpine and extra- Alpine formations, it is the distinction between deposits 
of the open sea and those of an inland basin. Neither does the geographical dis- 
tribution of the two types fit the geographical regions of the Himalaya and the 
Indian Peninsnla, but is, as I Bhall endeavour to show, a totally different one. 

Although the crystalline rocks are not of the same great importance to the 
paleeontolog^st, as such, that they are to the geologist, they yet demand close 
consideration here, as they form the foundation of the sedimentary rocks, their 
geographical distribution in earlier ages having determined in great measure the 
geographical distribution of the younger rocks ; moreover, they reveal themselves 
as metamorphosed sedimentary formations. 

If we now regard India with reference to these oldest rocks, it appears that the 
base of the peninsula proper consists throughout of crystalline rocks, supporting 
the sedimentary rocks in small separate basins, and only in the western parts 
completely covered, over large areas, by eruptive formations. To the north-west 
the crystalline rocks of the Indian peninsula are bounded by the range of the 
Arvali mountains, to the west of which only younger sedimentary formations 
appear, extending far away into Biluchistan and Persia. In Kattywar also is a 
small mountain mass of crystalline rocks which may perhaps join on to the 
larger Aravali range, as I have indicated on the map, but may perhaps be quite 
separated from it by tertiary deposits. 

The ciystalline formations of the Himalaya form one of the most difficult 
chapters in Indian geology, not only because of the inaccessibility of the dis« 
tricts in which they appear, but also because of the vast extent to which meta- 
morphism there prevails, which leads one to suspect that completely crystalline 
schists are frequently but sedimentary formations of paleBozoic age at the outside. 
However, thus much is certain, that the Himalaya contains not one, bnt two 
zones of crystalline rocks, the northern of which only forms the boundary divi- 
sion between the true mountain region and the Steppe region of Central Asia. 
To show this more clearly, I will describe a few sections more fully. 

In the extreme west it is not possible to demonstrate the two zones, as that 
region is as yet too little known, and the political condition is such that a consid- 
erable time will doubtless elapse before researches can be undertaken there. 
If the section of Mt. Sirban, which I and Wynne have described,^ be followed 
north-westward, crystalline talc schists and finally also gneissoid rocks will be 
seen to emerge from below the clayslates, but the boundary at the Black Moun- 
tain, beyond which no European may penetrate, will be reached before a change 
in the petrolog^cal characters of the rocks indicates the approach to a fresh zone 
of sedimentary formations. Or it may be that the first sedimentary, as well as the 
first ciystalline, zone is wanting here in the extreme west, and thus both terminate 
at the Jhilum, and that further to the west the second zones approach to the 

' Waagen and Wynne : Mem. Geol. Sanr. of India, Vol. IX. 
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edge of tHe monntaiiiB P It is only more to the east^ in the Kwhmir temtoiy^ 
that it beoomeB possible to penetrate farther north and obtain more complete 
sections. 

If the road oyer the Pir Panjal pass be followed into Xashmir, one meets in 
rising from the plains, first the Siwalik beds, then the varions divisions of the 
nnmmnlitic formations, which farther to the sonth-east towards Jammoo and abo 
to the norih-west towards the Jhilnm snrroond isolated masses of palseozoic 
limestones. Lastly appear the crystalline schists, accompanied by a narrow strip 
of limestone sqaeezed in between the schists and tertiary sandstones, and in the 
determination of the age of which one wavers, in the total absence of fossils, 
between the triassic and the silarian systems. The Pir PanjaJ itself consists 
entirely of crystalline schists, but to the eastward a largish mass of gneiss appears, 
which, according to Lydekker, even in its petrological characters, recalls Stoliczka's 
central gneiss, as veins of albite g^ranite are f onnd included in it.^ A part of the 
schists will doubtless have to be reckoned as belonging to the older paUeozoic 
formations. I am acquainted with no particulars about the northern slope of the 
Pir Panjal, but it is probable that it also consists of metamorphic schists. 

On the north side of the Eoishmir valley, which is filled with alluvial forma- 
tions, the succession of rocks recommences with carboniferous limestone and older 
palaeozoic schists,' under which, further to the north, chloritic schists appear, which 
were regarded by Stoliczka as silurian. Still further north, overlying the paleeo* 
zoic beds, follow triassic limestones, which, interrupted here and there by carboni> 
ferous limestones, extend to Pan Dras in the valley of the Dras river, where they 
are replaced by silurian beds, which finally rest, to the northward of Dras, on 
homblendic rocks and true syenite, which here composes the second crystalline 
zone.' 

Another section follows a line from the Indian plain across Simla to Spiti 
and Bupshu, The first zone of rocks which borders the plain agrain consists of 
Siwalik beds, followed by a great extent of nummulitic beds. Under these lies 
an extraordinarily varied *' complex" of limestones, sandstones, schists and clay- 
slates, which appear to be in the most varied stages of metamorphism, and 
which I shall have to discuss more closely further on. The ridges around Simla 
are composed of these schists.^ They rest upon true crystalline schists, numerous 
varieties of which border the banks of the Sutlej up to the Wangtu bridge. 
From this latter point commences Stoliczka's ** central gneiss," which constitutes 
the main mass of his Pir Panjal ranges. To the north of this mountain range 
comes in the whole series of sedimentary formations in regular succession up to 
the cretaceous rocks. They occupy the whole area of Spiti, and have the highest 
summits in the BaraJatze range. Older rocks reappear gradually in Bupshu, and 

^ Lydekker : Records Geol. Sunr. of India, Vol. IX. 

* Godwin- Austen : Qoart. Joum., Qeol. Soey. London, XXII, p. 29; Stoliczka : Mem. Geol. 
Snry. of India, T, p. 850. 

* Stoliczka : Mem. Geol. Snnr. of India, Y, p. 848. 
« Medlicott : Mem. GeoL Sunr. of India, Vol. III. 
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<nT78talline schists and granitoid gneisses reveal finally the second crystalline zone 
to the southward of Khorzog.^ 

The dip of the strata in the first crystalline zone, in the regions now mention- 
^ is generally north and north-eastward ; along the southern border of the 
second zone it is southerly and south-westerly. The fossiliferous sedimentary 
formations are enclosed between the two as in a basin. The strike of these zones 
appears in the Ideal sections to correspond with that of the principal ranges, so 
that the first zone appears to follow the Pir Panjal, and thp second Gunning- 
ham's Trans-Himalayan range, but on closer inspection the matter presents itself 
otherwise on the maps. The BaraJatze range, whose highest summits on the 
frontier of Spiti and Bupshu were formed of sedimentary deposits (Taglingpass), 
reaches, in the extension of its strike north-westward, the south edge of the se- 
cond crystalline zone in the region southward of Dras, and in consequence cuts the 
strike of the formations, though certainly at a somewhat acute angle. The direc- 
tion of strike of the sedimentaiy formations has therefore become somewhat more 
east to west, and reminds one of the direction of the strike of the Kuenlun. 

The same condition obtains in Kumaun as in Spiti ; the richly fossiliferous 
beds, which have become known through Strachey's " Paladontology of Niti," lie 
north of a crystalline zone, while to the south of it massive limestones occupy 
the region of STaini Tal. The second crystalline zone would then have to 
be sought to the north of the Sutlej valley,* but it here appears obscured and 
covered up by extensive tertiary deposits. Schlagintweit, however, mentions crys- 
talline rocks on the Chako La that divides the Sutlej and Indus drainage areas.' 

A similar arrangement in two crystalline zones, which are divided from each 
other by limestones, is also observable in Nepal, on the road to Katmandu,^ but 
it would appear that it is the second zone which here corresponds to the first zone 
of the north-west. The latter certainly acquires an extraordinary width in this 
way ; and it thus becomes probable that the first crystalline zone increases in its 
eastward course so greatly in its north to south extension, that it occupies the 
whole width of the Himalaya proper which the observations in Sikkim would 
seem to confirm. 

It is first in Sikkim that the composition of the mountains offers a to- 
tally different picture. When I visited this region on a very cursory tour, I 

^ Stoliczka : Mem. GeOL Sury. of India, V. Qeological sections across the Himalajan 
mountains — 

The first crystalline zone appears to be thrust farthest northward at the Botang pass, which 
crosses the Pir Panjal chain to the westward of the above-mentioned line, so that Stoliczka's cen- 
tral gneiss appears first on the northern slope of the chain in the Chandra valley, and the Bara- 
latze range is entirely composed of metamorphic rocks which Stoliczka considered to be in part 
silnrian. Further westward the first crystalline zone appears soon to trend down again to the 
flonthward. 

' Strachoy : Quart Joum., Geol. 8oc. London, Til ; Medlicott : Mem. Qeol. Surv. of 
ndia. III, Art. 3, p. 69. Strachey : Palssontology of Niti. 

' Schla^ntweit : Reisen in Indien und Hochasien, III, p. 76. 

* Medlicott : Records Geol. Surv. of India, VIII, p. 98. 
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thought it necessary to regard the greater part of the crjstaUine rocks there 
occurring as metamorphosed jonnger deposits, hat it appears to me that after 
Mallet's^ detailed snrvej, this yie w can no longer be entertained, although this 
observer appears to consider the whole ciystalline series in Sikkim as younger 
than the trias. Coming from the plains one meets here also first of aU the Si- 
walik beds, which follow the edge of the mountains with but little interruption 
through the whole of Sikkim and Assam. After traversing a more or less narrow 
valley one comes upon not very thick sandstone with coal, and here and there plant 
remains,^ and which should be reg^arded as a triassic sandstone. Over these 
sandstones come azoic clayslates and crystalline schists of immense thickness, 
which are in their turn overlaid by gneissoid rocks. On the north side of Bri- 
tish Sikkim the succession of beds descends regularly from the gneiss to the crys- 
talline schists, but no more sandstone appears. From this it is probable that the 
crystalline rocks were thrust over by lateral pressure, and that the sandstone ori- 
ginally deposited against them only underlies them in appearance ; similar occur- 
rences may be observed on a large scale in the Alps. It thus occurs that the coal- 
bearing sandstone is overlaid regularly by Mallet's Daling series in part, and in 
part by his Buza series. I can now leave the crystalline formations of the Hima- 
laya and turn again to more southerly regions. 

If the valley of the Brahmaputra be crossed, one meets again in the Khasi 
and Grarrow hills, by which the valley is bounded oa the south, with extensive 
crystalline areas,^ whose southern side only is covered by sedimentary deposits. 
More extensive sur&ces are occupied by crjstalline rocks in the mountains east 
of the Irawadi,^ and the whole of the peninsula of ** Farther India" up to its 
extremity is composed of similar rocks. The Andaman Islands appear also to be 
built up entirely of crystalline formations.^ Ceylon similarly is composed exclu- 
sively of crystalline rocks. 

It is not necessary for me to state here the more sj^ecific age of all the crys- 
talline rocks discussed above ; indeed, remarkably few preliminary studies bearing- 
on that question have as yet been made, although Mallet has recently distinguish* 
ed a couple of formations within the older schistose series in the neighbourhood 
of Delhi. In one particular case, however, this more accurate determination of 
age is of less interest, as these formations are all devoid of organic remains. It 
is only with the silurian rocks that an important series of formations begins, 
which demands closer consideration. 

If we consider the development of the palsBOzoic formations in India in gene^ 
ral, it will be seen clearly that they already show a development according to twa 
different types, which I indicated in the introduction as the characteristic of the 

1 Mallet ; Mem. Gtooi. Snrv. of India, XI. 

s Mentioned already by Hooker, Himalayan Jonmals, Vol. II, p. 24. 

> Oldham: Mem. Geol. Snrr. of India, I; Medlioott : ibid, VII. 

* Theobald : Mem. QeoL Snrv. of India, X. 

* 8. Knrz : Report on the vegetation of the Andaman Islands quoted from memory, as my copy 
of the book in question has been mislaid. [The quotation is a mistake : only tertiary and eruptive 
locks occur in the Andamans. — H. B. M.]. 
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Indian sedimentaiy deposits. Genuine marine deposits with nnmerons marine 
fossils were described from the North- Western Himalaya and afterwards from the 
Salt Range and the Khjber pass. Thereby the extent and the distribution of 
the marine facies are also indicated. The other facies is foond in the Indian pe- 
ninsula proper, where it occupies important areas. 

The most typical region for the genuine marine development of the palsBOZoio 
formations is certainly Spiti, and it may perhaps not be superfluous to describe 
more fully, though briefly, the petrological characters and the succession of the 
beds of that ground. On crossing the bridge over the Sutlej at Wangtu, one 
enters the region of the gneiss composing the Pir Panjal range. To the north- 
ward, and therefore to the north of the first crystalline zone, the gneiss is suc- 
ceeded by overlying blue dayslates and sandstones, 3,000 feet in thickness, and 
which have hitherto yielded no fossils. Higher up appear lighter colored quart- 
sites and quartzitic sandstones with subordinate beds of cellular dolomitio lime- 
stone. Bad impressions of an Orthis were found at one place in the sandstones. 
Over these again lie greenish and bluish highly micaceous sandstones with in- 
termediate caJcareoufl and slaty beds with obscure remains of Brachiopoda. These 
beds close the Babeh series, the lowest member of the succession of beds in Spiti. 

As the next member in upward succession Stoliczka recognizes the Muth series. 
This has a total thickness of about 1,000 feet, and b^ns with dark red sandstones 
and conglomerates, over which are light colored sandy limestones containing nu- 
merous very badly preserved fossils. The uppermost division of the series con- 
sists of white quartzites which have hitherto yielded no fossils. 

The last member of the paleeozoic formations in Spiti, the Kuling series, is 
composed of brown crumbling slates interstratified among white quartzites. The 
entire thickness amounts to about 400 feet. The quartzites are very rich in well 
preserved fossils. Stoliczka has correlated the Bhabeh and Muth series with the 
Silurians, and the KuL'ng series with the carboniferous limestone.^ 

These beds, although interrupted by great gaps, may be followed eastward' as 
well as westward' to the north of the first crystalline zone with characters to a 
certain extent similar, though variously changed by metamorphism. 

Perfectly different from the developmeut first described is that of the palsBo- 
zoic beds south of the first crystalline zone. We have a detailed work by Medli- 
cott on these regions, which is extended by a later one by Lydekker. It might 
appear strange that I should designate these deposits simply as palseozoic. I must 
therefore state my reasons for this more fully. The succession of the formations 
which adjoin the first crystalline zone to the southward is very difficult to deter- 
mine, as, on the one hand, fossils are entirely wanting, and, on the other, the beds 
appear greatly altered by metamorphism. As far as it has as yet been possible 
to explain the succession of beds, it appears to be as follows. The youngest depo- 
sits which cannot be reckoned as belonging to the nummulitics, are light coloured 

1 Stolietka : Mem. OeoL Sor?. of Indrn, V, pp. 16-29. 

* Strachey : Qnart Joam., Qeol. Soc. London, YII. 

* Stolicska : Mem. Gkol. Sonr. of India. V, pp. 841. 344^ 848. 
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thin-bedded limestones with intermediate earthy beds, the whole thickness 
measuring from 500 to 800 feet. The material of the intermediate beds spreads 
itself so greatly in some sections, that the whole series appears to consist only 
of soft clayslate. Under these lie yellowish-red sandstones of very variable 
thickness, from 15 to 100 feet. These beds are best exposed on the Krol 
mountain, whence they are called by Medlicott the EIrol group. Under these lie 
from 1,000 to 2,000 feet in thickness of blackish coaly dayslates, composing 
the Infra-Krol group. Still further down we find white quartzites, compact 
limestones, and thick conglomerates with sandstones, which form MedHcott's 
Blini (Blaini) group. These are finally underlaid by roofing slates and sand- 
stones, which Medlicott united in his Infra-Blini group. These rest on trae 
crystalline schists. We have thus a series of beds sereral thousand feet in thick- 
ness in which not a single bed or division can be determined as to its age A 
Stoliczka, it is true, has attempted to establish a correlation with the beds 
on the north side of the first crystalline zone, but in so doing he leans only 
on suppositions, and finds it impossible to adduce a positive proof.* He holds 
that the crystalline schists below the Infra-Blini group represent the lower 
part of the Babeh series, and the Infra-Blini group with the Simla slates, 
the upper part of that series. The Blini conglomerate he ranks with the 
lowest divisions of the Muth series, the Blini limestones with the middle 

^ In order to characterize with the fewest possible words this absolute anoertainty, I had, when 
allading to these beds in a short address to the Gennan Geological Society (Zeitschrift d. D. QeoL 
Ges. XXVIII, p. 644), used the expression that these beds might possibly also be numinulitic ; this 
was certainly rather a strong expression, but it expressed the position of things. I believed at that 
time that the strata around Simla might also, on account of the almost absolute absence of all or« 
ganic remains, be reckoned to the peninsular ^e, but recent discoveries by Lydekker have clearly 
shown the contrary. But even this error does not justify the manner in which Medlicott has on 
that account attacked me (Records Geol. Survey of India, X, p. 100) without bringing home any- 
thing positive against me. Mr. Medlicott appears, above all things, to have overlooked the fact 
that the statements in question were not presented as a paper, but as an oral address, which I wss 
compelled to make as brief as possibly could be. All my audience knew very well that I had only 
given a sketch, and that all details and proofs were partiy already printed and partly reserved for a 
special essay. It is not possible to use " foot notes" in speaking. What, therefore, Medlicott wrote 
about the purloining of the Key to Indian Geology, I may ignore with a clear conscience ; it merely 
proves that Medlicotfs criticism was written in a very high state of excitement. But I must ex- 
press my deepest regret that the few words which I spoke at Jena, and which I thought quite harm- 
less, should not only have given occasion for contemptuous utterances about the whole science 
of palsBontology, but also have served as a pretext to reproach the highly honorable German Geolo- 
gical Society with a system of mutual laudation, and even the whole Teutonic race with being 
sunk in barbaric instincts. Finally, I cannot avoid remarking that I should certainly have expect- 
ed from the Director of the Indian Geological Survey very much more considerate treatment after 
having sacrificed to the service of the department my health, fortune, and means of living in 
Europe. 

[Mr. Medlicott confesses with sorrow that he did become rather excited at Dr. Waagen's short 
address to the German Geological Society. For the rest, those who choose cannot fail to disccm 
that impatience at premature and oracular speculation indicates respect, rather than contempt, for 
the science of palsoontology. — H. B. M.] 

' Stoliczka: Mem. GeoL Surv. of India, Y, p. 141. 



PAET 4.] Waagen : Geographical dislribuUon qf/osM organigms in India. 275 

divisions, and the white qnartzites following the limestones with the uppermost 
divisions, while he claims the qnartzites of Boilean-ganj hill and the gameti- 
f erons mica schists of Jako as equivalent of the Kaling series, or the carhonif erons 
limestone. In the Infra- Krol sandstones he finds so great a petrological resem- 
blance to the Banter sandstone of the Alps, that he is inclined to regard it aa 
lower triassic, when the E[rol limestone would fall to the upper Trias. But 
now it is to be observed that Medlicott, after close study of the gametiferous mica 
schists of Jako, regards them as a metamorphosed facies of the Infra- Krol 
beds, and that elsewhere the Krol limestones appear to pass into Medlicott's 
great limestone, which has been recently identified bj Lydekker' with consider- 
able oertointj as carboniferous limestone. For the present^ therefore, more 
reasons favour the assumption of the palseozoic age of the whole rock series of the 
neighbourhood of Simla, than the transfer of a part of the beds to the Trias 
merely on account of petrological resemblances.^ If we proceed eastward from 
the neighbourhood of Simla, it appears to be Medlicott's great limestone especially 
that constitutes the limestone formations of the outer zone. The most easterly 
point, before reaching the boundary of Nepal, is the neighbourhood of Naini Tal 
and Almora, in which Medlicott refers to thick limestone, which he identifies 
with his Krol limestone, and below which reddish, greenish and grey slates 
appear to represent the Infra- Krol group. To the north these rocks are cut ofiE 
by eruptive formations, which are succeeded still further north, near Almora, 
by crystalline rocks.* 

Of the region around Katmandu, Medlicott^ only has furnished any particulars. 
There, after traversing the tertiaries, one crosses a narrow zone of compact and 
partially crystalline limestone with subordinate slate beds, then an equaUy 
narrow band of crystalline rock, when an extensive limestone region is immediately 
entered upon, ^hich stretches away to several miles beyond Katmandu and 
there gives place to a second crystalline zone. Of the age of these limestoneft 
nothing is known, as fossils are entirely wanting. Medlicott regards them as 
corresponding to his Krol group, and it is quite probable that they are for the 
most part of palseozoic age. What lies beyond the second crystaUine zone is 
absolutely unknown. 

^ Ljdekker : Records GeoL Surv. of India, IX, p. 157. 

3 It IB true that Giimbel describes (Sitzungsber. bair. Acad. d. Wiss., 1865, II, p. 354) a speci- 
men of rock said to come from the Schlagintweit's collections and to have been foond at Dharam- 
por, near Solen, in the province of Simla, which specimen contained lAtna Uneata, Schl., Nat, 
gaillwdoti, Lep., and Nat. simlaetuU, Qiimb., and would thus indicate the existence of the trias. 
But when one considers that all other observers have found the rocks arouud Simla devoid of 
fossils, and further that Schlagintweit adduces cretaceous fossils from the exclusively palaaozoic 
region of Kudappa (Reisen -in Indien und Hochasien, I, p. 144), less weight will be accorded to 
this specimen, and the possibility of a mistake in labelling will not be considered as absolutely 
inadmissible. 

s Medlicott : Mem. Geol. Surv. of India, III, p. 69. See also Strachey : Quart. Journ. 
Geol. Soc., London, VII. 

* Medlicott : Records Geol. Surv. of India, VIII, p. 93. 

R 
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Lydekker's work in the region west of Simla is of the highest interest. 
In a section across the Pir Panjal from Snra to Shahabad in Kashmir,^ he 
distinguished as Cambrian certain cryBtaJUine schists oyerljing the gneiss, and 
above them as silorian, a series consisting of dark-red and white qnartiites, 
dark soft schists or shktes with carbonaceous stains and ferraginons concretLons, 
50 to 200 feet thick, and dark clayey, often bitnminons limestones which pass 
np into thick black clayslates. These beds are cut off (on the south) by a 
&ult, and are succeeded immediately by tertiary rocks, out of which, however, 
a thick limestone reef (the great limestone) protrudes, which shows itself by 
the presence of FenssteUa as belonging probably to the mountain limestones. 
Still further westward, on the Jhilum, apparently only the limestones of the 
Silurian series remain, which are there regarded by Wynne as triassic. 

About the palaeozoic beds 9f the neighbourhood of Abbotabad, and stiD 
further west, there is little to be said ; they are thick dark clayslates with in- 
termediate sandy beds which were designated by myself and Wynne as Atfcock 
Slates, because they attain a great development on the Indus near Attock. In 
the direct strike of these beds lie l^e beds of the Khyber Pass, from which 
Silurian fossils are quoted by Godwin- Austen.' 

Of the deposits of the first facias only the palaeozoic beds of the Salt Range 
remain, which require to be more closely discussed. The Salt Range is in many 
respects a most interesting district, because it is here that transition formations 
between the deposits of the two facies are exposed. In the western part of the 
Salt Range the palaeozoic formations are as follows : At the top lie brownish-yellow 
sandy clayey calcareous beds, with intermediate harder beds, about 100 feet thick, 
which contain innumerable fossils, and among them the Cephalopoda described by 
me. Below these follow compact limestones with numerous Froducta^ A^c, about 
200 feet thick ; then follow sandstones with intermediate carbonaceous beds and 
numerous fossils, with a maximum thickness of from 150 to 200 feet. Under 
these lie violet clays with hard marls and inclusions of red and green sandstones 
often of considerable thickness, even up to 300 feet. 

They are underlaid by dark red sandstones, often as much as 300 feet in 
thickness. Bright red marls with gypsum and rock-salt form the base of the 
whole series of beds. It may be seen already from this succession of beds that 
the older palaeozoic rocks along the whole length of the Salt Range are developed 
with a facies corresponding to the peninsular type, for the saliferous beds and the 
overlying sandstones are equally developed throughout the whole Salt Range, only 
in the western part are the sandstones replaced by conglomerates. Above the 
red sandstones, however, follow, in the eastern part of the Salt Range, first of all 
a series of carbonaceous sandstones with fucoids and a small brachiopod most nearly 
allied to Oholus^ from which Wynne has concluded prematurely that the beds are 
Silurian. Higher up we find a very thick series of sandstones, shales, dolomitio 



1 Ljdekker : Becords Gkol. Surv. of India, IX, p. 161. 

3 Godwin-Austen : Quart. Joum. GeoL Soc. London, XXII, p. 29 ; Waagen and Wynne 
Mem. Geol. Surv. of Indin, TX, p. 384. 
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BandstoneB, and shales which mnsi^ on the whole, correspond with the upper 
palEBosoic beds in the western part of the range. It is veiy difficult to follow 
up the several beds through the several phases of their transition from west to 
east, but I endeavoured to do this at least for the lowest beds of the so-called 
carboniferous limestone, and found that thej pass, in progressing from west to 
east, first into coarse-grained white sandstones (which contain a very few 
fossils, chiefly rolled fragments of corals), then into a very coarse conglomerate, 
with boulders as large and larger than a man's head, and finally into a homo- 
geneous gray-g^reen sandstone without any fossils, which appears to stand in 
dose relation to Wynne's magnesian sandstone. 

We have now entered into the domain of the second f acies of the paleoozoic 
beds of India, and may turn at once to the typical development of the same in 
the Yindhyan mountains. Several papers have already been written on the 
Yindhyan mountains, and their structure and composition are pretty accurately 
known. According to Mallet^ there rests upon the gneiss a thick formation of 
crystalline and argillaceous schists with quartzites and limestones,^ and on these 
the Yindhyan formation lies quite unconformably. The latter formation begins 
with sandstones, which are soon overlaid by thin-bedded silicious limestones, 
mostly light brown and grey in color, with intermediate earthy beds of variable, 
but considerable thickness. The total thickness of this lower half of the forma- 
tion ranges from 1,000 to 1,500 feet ; above it comes with apparently but slight 
uncorformity a red sandstone formation of very great thickness which includes 
intercalated beds of shales and conglomerate of greater or lesser thickness, and 
in the upper beds only, a rather considerable bed of compact blue limestone. 
Over the limestone sandstones occur again, and attain locally a thickness of 3,000 
feet. This closes the Yindhyan formation. In the whole of this series of many 
thousand feet in thickness not one single fossil has been discovered, although 
special attention was directed to that point by the Geological Survey. The only 
point of support one has on which to fix the age of these formations is that rolled 
debris of Yindhyan rocks is found already in the Talchir conglomerate, which is 
certainly either very young paliBozoic, or veiy old mesozoic, age, shewing that 
the Yindhyan series should probably be reckoned among the old palssozoio 

formationB. 

Another palaeozoic area of similar type has been described by King^ from 
the Madras r^on. As in the Yindhyan mountains an upper and lower division 
of the formation has been recognized, so also has Bling divided the palaeozoic 
deposits of the Madras region into two different groups, of which he calls the 
lower, the Kadapa, the upper, the Kamul series. Both of these are more highly 
metamorphosed than are the rocks of the Yindhyan mountains. The lower of the 
two series rests on the gneiss, and consists chiefly of clayslates and quartzites, 

^ Mftllet : Mem. Geol. Surv. of India, VII. 

' These beds have recently been diitingaUhed as the Owalior and Arrali series, bnt are in my 
map still mostly shown as ciystalltne, as the materials for caitographic distinction were not 
safBciently advanced. 

' King : Mem. Qeol. Snrv. of India, VIII. 
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while the upper series, which rests unconformablj on the lower, includes 
nmnerous limestones besides qnartzites and clajslates. The same series of beds 
was observed bj Foote^ along the whole southern edge of the great basaltic region 
in the South Mahratta country. Here, as in the Madras region and the Yindhjan 
mountains, not a trace of a fossil is to be found. 

Greatly richer in inclusions of the remains of organic beings, and conse- 
quently far more interesting to the palseontologist, are the Indian mesozoic forma- 
tions. Here also two types are distinguishable, in accordance with which the de- 
posits in different parts of the country are developed ; but here they are also charac- 
terized by their fossils. If we first look more closely at that kind of develop- 
ment which from its principle occurrence in the Himalayas has been termed the 
" Himalayan type," and which contains exclusively marine sediments, we shaJl 
find it best developed in the North- Western Himalayas, northward of the first 
crystalline zone. Above the carboniferous limestone comes a long series of lime- 
stones alternating with softer beds, in which the faunas can be very well divided 
according to the several horizons. Stoliczka' has left us the most reliable in- 
formation about these formations, the occurrence of which, in Spiti especially, he 
has more fully described. 

The trias there begins with a bed of limestone, consisting almost entirely 
of the shells of Hcdohia Ixym/meli (as determined by Stoliczka), overlying 
crumbling shales with Spirif, Jceilhavi and Prod, semireticulcdus,* 

Above this limestone follows a kind of ** giant-oolite," which yielded the great- 
est number of the fossils described by Stoliczka. It passes up into thin-bedded 
earthy limestones without fossils. This series of beds composes Stoliczka's Li- 
lang series. Beyrich^ has tried to make it appear probable that the whole fauna 
derived from these beds belongs to the Muschelkalk period, but that possibly the 
upper beds, which in Spiti are poor in fossils, might be fossiliferous in the 
north of Kumaun and in other places, and contain faunas of the Keuper age. 

The next higher division recognized by Stoliczka is the Para limestone. This 
is but a few feet thick in Southern Spiti, but increases in thickness to about 1,000 
feet to the northward of the Baralatze pass. They are dolomitic limestones, 
partly massive, partly thin-bedded, and then very earthy. The only fossils they 
have yielded are Dicerocardium himala/yense, Stoliczka, MegaJodon triqueter Wnlf., 
some Ghemnitzias and Neoschizodus, Above these beds follows a series of lime- 
stones, about 200 feet thick, whose lowest beds, however, appear to belong already 
to the lowest jura (lias). Stoliczka calls these limestones Tagling limestones. 

^ Foote : Mem. GeoL Surv. of India, XII. 

2 Stoliczka : Mem. Geol. Surv. of India, V. 

' Among the materials which Stoliczka collected on his tour to Yarkand, I saw a Ceratite of 

the type of the Salt Range foinns, together with a glohose Ammonite fiom the same bed ; the 

* Banter Sandstein" appt ars thus to be represented aUo in other places. Also Amm. peregriwut, 

Beyr. and the Spiti rock specimens described by Gumbel, point to the existence of the Banter 

Sandstein. 

* Beyrich : Abhandl. Akad. d. Wissensch., Berlin, 1866, p. 141-147. 
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They are brown or grey, sandy or earthy, often oolitic, more rarely compact and 
thick-bedded, and contain innnmerable fossils, which can in great part be identi- 
fied with species from the Kossener beds. The occurrence of Nerinaeas and large 
Belemnites in these beds is remarkable. In two places, on the Parang pass and the 
Tagling pass, Stoliczka noticed in the uppermost beds of these limestones, which 
appeared to be of blue grey colour and compact, some species common to the 
Hierlatz beds, according to which the limestones would have been considered as 
liassic. This is the only case in which in the whole vast region of India liassic 
fossils are mentioned with confidence. The Tagling limestone is covered by hard- 
ened shales with Posidonomyas ; they form the transition to the well-known Spiti 
shales which long since furnished Ammonites to the European collections. It has 
not yet been attempted to carry out a closer sub-division of these beds ; but it is at 
fleny rate quite certain that the greatest number of the fossils were derived from 
a bed which corresponds in age with the uppermost jura of Europe (the Eommer- 
idge and Tithonian groups), and that Stoliczka's views as to their age, and 
also many of his determinations of species, must be considered as erroneous. 
The thickness of the Spiti shales hardly ever exceeds 500 feet, but is general- 
ly less. Above them follow sandstones (Gieumal sandstones) which contain in 
Spiti but a very meagre fauna, and in which farther to the westward I observed 
Trigonias resembling those of the Oomia group in ELachh. These sandstones 
conclude the Jurassic formation. The cretaceous series is represented in Spiti 
by the Chikkim limestones and Chikkim shales, the former of which enclose frag- 
ments of the shells of Budistce. 

The distribution of the secondary rocks northward of the first crystalline zone 
eastward from Ngari-Khorsum is but very little known. Strachey mentions 
Jurassic Ammonites from Eastern Nepal ; but this statement has not been confirmed 
recently. Jurassic Ammonites have, however, been cited with greater certainty 
from the immediate neighbourhood of Lhassa. 

Not nearly so complete a series is that of Mount Sirban, but it is not the less 
interesting, because one of the most easterly localities for marine fossils, south of 
the first crystalline zone. Here lie, unqonf ormably on the palaeozoic schists, red sand- 
stones and thick silicious dolomites, whose position in the mesozoic succession of 
beds remains uncertain, as fossils are wanting. Above these come dark, thick- 
bedded limestones, with silicious concretions, and sections of MegaXodan and DicerO' 
cardivm. The limestones pass up into thin-bedded limestones and slates, which 
appear to be equivalent to Stob'czka's Tagling limestone. The Spiti shales rest 
unconformably on these, and are succeeded upwards by grey sandstones, the eqjoi- 
valents of the Gieumal sandstone, and finally by hard, sandy limestones, with Gtiult 
fossils. Grey, thin-bedded limestones without fossils conclude the mesozoic series. 
With similar development, but generally decreased thickness, and with the Spiti 
shales generally replaced by a few limestone beds, the mesozoic formations 
stretch away westward along the Chittapahar into the country of the Afridis. 

The mesozoic formations of the Salt Range are rather better developed. 
Above the uppermost beds of the palaeozoic come, firstly very hard,flaggy limestones. 
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then greenish maris, then sandstones, andfinallj, again limestones. The Geiatites 
described by De Koninck oocnr thronghoat all this series, which in age veiy pro- 
bably represents the Bnnter Sandstein of Europe, although Myophorias resem- 
bling a Muschelkaik species occur already in the uppermost limestones. Aboye 
these lie variegated beds, partly sandstone, partly marls, with many fragments of 
coal and extremely few ill-preserved moUusks. Not till the middle Jurassic pe- 
riod do beds appear again, which are determinable according to their age. These 
are limestones with but few fossils, over which follow again variegated beds with 
intercalated alum shales. Then follow oolites, and finally, distinct Kelloway beds. 
These are overlaid by black shales resembling the Spiti shales, and with which 
the Jurassic series concludes. Above them lie green sands with neocomian fossils. 
These are succeeded by beds of very varied constitution, now resembling the ores 
of the Kressenberg, then sandstones, then again yellow marls, rich in fossils, which 
perhaps represent the uppermost chalk, but whose exact age can only be deter- 
mined with certainty after careful working out of the fossils. This is the succes- 
sion of beds in the western part of the Salt Range ; in the eastern part follow, 
above Wynne's magnesian sandstone, red slaty sandstones, with numerous salt 
pseudomorphs, probably triassic in age, and above them greyish green sandstoues 
which may well belong to the cretaceous period. 

Southward of the Salt Range a complete series of the secondary formations is 
nowhere to be found, but only individual members of the same which appear 
sporadically. The marine deposits of the age of the trias especially have dis- 
appeared almost entirely ; only from Burma has Mr. Theobald brought some spe- 
cimens of Halohia cf . lommeUy which lead me to conclude the existence of marine 
triassic beds. Their geographical distribution can only be made out with diffi- 
culty on Theobald's^ map. 

The marine beds of the Jurassic system have a wider extension. In my 
work on the Kachh Oephalopoda I already drew attention to the existence 
in various places under the sands of the Rajputana desert of Jurassic beds 
which have in some cases already yielded fossils. Nothing is known of the suc- 
cession of beds, or their occurrence elsewhere. The rocks are sandstone and shales ; 
the fossils chiefly indicate a relationship to the Eatrol sandstone. To indicate the 
distribution of the jurassics in this region, I have in my little map placed some 
Jurassic patches at random within the limits of the Rajputana desert. 

These Jurassic beds connect those of the Salt Range with the Kachh beds 
Unfortunately the lowest beds of the Elaohh jura are not exposed, as the cirstal- 
line rocks only crop up to the northward of the Runn, while the lowest beds of 
the jura first appear from under the Runn, some 10 to 15 miles to the southward. 
These lowest beds form the Patchum group.^ They are earthy sandstones of yel- 
lowish or yellowish grey colour, containing numerous gasteropods and bivalves. 



1 Theobald : Mem. Qeol. Survey of India, X. 

' Waagen : Jurassic Fauna of Kachh; Introductiod. — PalsBontologia Indica. 
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They are succeeded by grey marly limestones, with nnmeroizs Brachiopoda and 
corals, which close the Patchnm group. Above them He limestones and oolites^ 
with intermediate clayey beds (Macrocephalus beds), then clays with nodules of 
irojistojie(Ancep8 beds), then white marly limestones with Peltoc, athleta, and finally, 
oolites with Aspidoc. perarmatum,Soc., of which the Charee group is composed. The 
next higher group, the Katrol group, includes but two diyisions : the Kuntkote 
sandstones, soft iron-stained sandstones, with fossils of the type of the higher 
Oxford beds ; and the Katrol sandstones, harder, partly calcareous sandstones, of 
grey and red colour, with a true Kimmeridge fauna.* The last group that was dis- 
tinguished is the Oomia group, which forms two sub-divisions: one of sandstones 
and conglomerates with marine fossils, amongst which a couple of "Portland" 
species occur ; the other of sandstones and shales with plant remains. Covering 
the jurassics, Stoliczka discovered, finally, a bed of oolite, which yielded two spe- 
cies of Aptian fossils. 

I have already pointed out, in my work above quoted, the remarkable fact 
that the type of the marine fossils occurring in E[achh reminds one much more 
of the far distant European Jurassic formations than of the closely adjoining 
Jurassic beds of the Himalayas. While numerous European species of CepAo- 
lopoda occur in Kachh, only a single Himalayan species has been identified with 
a European one.; whereas the numerous species of the genus Gosmocems, as well 
as the great number of Aucellas, indicate a pertain relationship betweeh the 
Himalayan and Russian juras. It appears, therefore, that two great Jurassic 
regions, the Europo-Indian and the Busso-Himalayan, meet in the Punjab, and 
that they were perhaps connected with each other by a narrow strait, as the jura 
of the Himalayas and the jura of Kachh have only five species in common. We 
know, however, so little about Ihe geological conditions of the Hindu Kush, that 
it is quite impossible to draw any conclusion as to the extension of the jurassio 
sea in a north-westerly direction. 

This brings the marine deposits on the western side of India to an end, with 
the exception of certain cretaceous beds, which I shall consider more closely 
further on. Marine beds appear next again on the south-east coasi of the Penin- 
sula, and they are Jurassic. The sandstones and shales which underlie the South 
Indian cretaceous rocks, and which were described by H. F. Blanford as the 
Ootatoor plant beds, have long been known. Oldham^ already expressed a most 
decided opinion, that these plant-bearing beds belonged to a system of beds differ- 
ing from the cretaceous system; and Stoliczka' believed himself justified in deter^ 
mining the equivalent Sripermatur beds by their fossils to be of Jurassic age. 
It is only recently that these deposits have been fully described by Foote.^ At 

' On the character of this fauna, see also Beyrich : Sitzangsber Akad. d. Wisa., Berlin, l^tzung 
vom. 8 Milrz. 1877, p. 97. 

9 Oldham : Note in Blanford's Memoir ; Mem. Oeol. Sorv. of India, IV. 
' Stoliczka : Records Geol. Sorv. of India, I, p. 59, 
* Foote : Mem. Geol. Surv. of India, X, p. 68. 
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that place are coarse white sandstones, which probably lie dizectlj on the gneiss : 
above these follow sandy shales, which in their torn are coTered by about 10 feet 
of soft friable sandstone, above which occur finally the f ossilifexons beds, indnr- 
ated, and often poroellanoid shales of light bluish-grey colonr, and from 8 to 10 
feet thick. The fossils consist of nnmerons pliant remains, mixed up with marine 
shells, which latter, however, are unfortunately so badly preserved, that their 
specific determination is impossible. To me' the Ammonites appeared some- 
what like neocomian forms, but much importance must not be attached to the 
type in the absence of specific agreement. More recently similar beds have been 
found by King' in the lower Godavari valley, and their fossil contents have been 
determined by Stolicska as corresponding to the fauna of the Kachh-Oomia beds. 
Since then it has been shewn that these semi-marine deposits httve a consider- 
able development in the Godavari district, and form two groups, which King 
distinguishes as the Tripetty sandstones and Bagavapuram shales.^ The upper 
group consists of dark-brown ferruginous sandstones and conglomerates, which 
become softer and more friable as you descend, and which include lenticnlar 
masses of shales, with plant remains and marine sheUs. The lower group, which 
corresponds closely, according to King's view, with the Sripermatur beds, con- 
sists only of hardened shales, which include the remains of marine shells, as well 
as plant remains. None of these molluscan faunas have as yet been doselj 
examined, and it is only known that many species agree with others from the 
Kachh-Oomia beds. This concludes the series of localities belonging to the 
Jurassic period, and containing traces of marine fossils, and we may now torn to 
the cretaceous formations ; but for this purpose we must return again to the 
west. 

We have seen that certain beds in the Salt Range which appear from below 
the numxnulitic rocks, and have a tolerably wide extension, may possibly repre- 
sent the cretaceous rocks. Similar deposits, developed on a large scale, were 
observed by Ball^ in the country of the Luni Pathans ; but he discovered no deci- 
sive ftT^iTnw-1 forms in them. The same beds are also cited by Blanford^ as under- 
lying the nummulitio beds in Sind ; but these are well exposed at but few 
places. The existence of equivalent deposits in Kachh is doubtful. It is true 
Wynne* distinguished a sub-nummulitic group there; but it is very doubtful 
whether its members are equivalent to the Sind and Salt Range beds. 

Of very high interest are the so-called Bagh beds, which reach far into 
the interior of the Peninsula in their very abnormal extension. They appear 



1 Waagcn : Palieontologia Indica ; Jurassic Fauna of Kutch, I, p. 236. 

' King : Bocords Geol, Surv. of India, VII, p. 159. 

s King : Records Qeol. Surv. of India, X, p. 56. 

4 Ball : Records Geol. Sury. of India, VII, p. 168. 

 Blanfoid : Records Geol. Surv. of India, IX, p. 11. 

< Wynne : Mem. Geol. Surv. of India, IX, p. 66. 
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to occupy inyariablj a bathrolo^oal position below the basaltic flows; while 
certain gronnds exist for regarding the above-quoted deposits in the Salt 
Range and Bind as in part contemporary with the basaltic eruptions. In 
any case, according to their marine fossils, the Bagh beds represent a part of 
newer (middle) chalk. Their distribution is confined to the lower Nerbudda 
ralley, where they appear in many places below the trap. Blanford gives full 
information about these beds in his excellent description of Western India.' At 
Gherakhan, the richest locality for fossils, the beds shew the following section : 
At the base, sandstone and conglomerate,'20 feet thick ; above these, concretionary 
limestone with silicious excretions, 20 feet thick ; still higher up, clay^ limestone, 
with many fossils, particularly echinoderms, 10 feet thick ; and finally, hard lime- 
stone, locally cellular, with numerous Bryozoa and fragments of oysters, 10 to 
20 feet in thickness. The echinoderms were closely examined by Duncan,' who 
ascertained that the greater number of species were identifiable with Upper 
Gb'eensand species. It is doubtful whether the sandstones and conglomerates 
which form the base of the above section should not be regarded as a western 
extension of the Jabalpur or Mahadeva beds, which forms a connection between 
these and the Kachh plant beds. Southward of the Tapti river there are hardly 
any more localities shewing Bagh beds, so that the southern boundary of these 
beds may be assumed to be here. Still farther south, we meet with no further 
marine mesozoic deposits on the western side of the Peninsula. On the east side, 
on the contrary, we find the cretaceous rocks of the neighbourhood of Trichino- 
poly, which are so exceedingly rich in organic remains. 

The cretaceous deposits of Trichinopoly district have, it is true, been worked 
out palaDontologically by Stoliczka in a very remarkable way ; but it still appears 
that there are many points [of interest to be determined iwith reference to the 
stratigraphy of these formations. Our present knowledge of the relations there 
existing is based mainly on H, F. Blanford's compendious Monograph.' He 
recognizes three principal groups, which are deposited on the primary rocks in 
overlapping beds. The, lowest, or Ootatoor, group begins with coral limestones, 
which are overlaid by fine sandy clays and sandstones with subordinate lime- 
stone. Above these follows the second, or Trichinopoly, group, consisting of 
sandy clays and conglomerates, which include, but only in the northern part of 
the area, numerous limestones abounding in fossils. The uppermost of the 
three groups is termed the Arialoor group; but at its base a sub-group, 
the Valudayur group, has been distinguished. The latter consists of limestones 
and conglomerates which pass up into sandy concretionary limestones with 
numerous fossils. The age of all these beds was determined by Stoliczka as 
belonging to the period from the Cenomanian to the Senonian/ It was thought 

1 Blanford, W. T. : Mem. Geol. Surv. of India, VI; and Records Geol. Snrv. of India, V, p. 82. 
s Dnncan : Quart. Jonm. Qeol. Soc., London, XXI, p. 349. 

* filanford, H. F. : Mem. Geol. Snrv. of India, IV. 

* Stoliczka : EecordB Geol. Surv. of India, I, p. 58, and further on iu manj placet. 

c 
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till latety that these Soath Indian cretaceona rocks were limited to the Trichinopoly 
basin, but more recently traces of them have been fonnd furiher norfch. Foote 
already met with loose blocks of a cretaoeons rock in the neighbourhood of Sri- 
permatnr,^ but was nnable to trace the bed in situ. King^, on the contrary , 
discovered richly f ossiliferons rocks, of probably cretaceous age, in the Godavari 
district, below the trap which there occurs sporadically. These he regpirds as 
Lametas, but the fossil species there collected require to be more accurately 
determined. 

The most northerly localities with marine cretaceous rocks on the east 
side of the Indian Peninsula are the Ebasi and Garrow hills, or, as Medlicott 
terms it, the Shillong plateau. On descending from Gherra Punji to the south, 
one meets below the nummuHtic beds first of all a sandstone 200 feet thick 
and of uncertain age, fossils being entirely unknown in it. Below it alternate 
limestones and sandstones, with a thickness of about 500 feet, which appear 
finally to terminate with conglomerates at their base.' StoHczka^ has submit- 
ted the fossils collected by Medlicott to a careful examination, and found that 
the highest f ossiliferons beds contain Corals and Bryozoa ; in the middle beds 
Cephalopoda predominated ( e. g., Amm, planulaius^ dispar, OrhignyanuSy G^in., 
pacificusy Stol. &c.), while the lower part which is best exposed on the Theria Ghftt 
includes numerous gusteropods and pelecypods, the greater number of which 
agree with South Indian species, but amongst which there are also many 
novelties. The cretaceous beds now under consideration appear, on the whole, to 
correspond most nearly with the South Indian Arrialoor group. 

To the southward of these beds cretaceous rocks appear again below the 
nummuHtic deposits in Burma, ^^ but they require closer examination. 

This is the 'last spot at which marine mesozoic formations appear in India. 
The remaining beds of similar age are vast accumulations of sandstone which 
show themselves by their inclusions of plant-remains and by the total absence 
of marine fossils to have been formed in inland basins. It is impossible for xne 
to describe closely and fully the several beds composing these deposits, par- 
ticularly as a good deal of uncertainty still exists among Indian geologists as to 
the correlation of the sub-divisions in the different areas of deposition. This 
uncertainty is, however, not unnatural when one considers that the various inland 
basins in which these beds were deposited were veiy probably but slightly or not 
at all connected, so that only the palaBontological data can indicate tha correspond- 
ence of the several groups. The very scattered distribution which these 
deposits exhibit when represented on the map may probably be due just as 

1 Foote : Mem. Geol. Smr. of India, X. 

' King : Recordi GeoL Surv. of India, VII, p. 169. 

> Medlicott : Mem. GeoL Sarv. of India, VII, p. 168. 

« Stoliczka : In Medlioott's Mem. ibid^ p. 181. 

* Theobald : Mem. Geol. Snry. of India, X. 
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much to denudation as to any peculiarity in tlie manner of original deposition. 
Oldham's^ view that the great hydrological basins of the Indian Peninsula were 
already at the period of deposition of the Damuda beds similar to what we now 
know them to be, and that, consequently, the geographical distribution of the 
plant beds agrees on the whole with these river basins, is one of particular in- 
terest, 

* The whole of this associated series of formations, with the exception of 
those which correspond in age to the upper cretaceous, has recently been designat- 
ed in India the Gondwana series, and the following groups in ascending order have 
been generally recognized : 1, the Talchir ; 2, the Damuda ; 3, the Panchet ; 
4, the Mahadeya or Bajmahal; 5, the Jabalpur ; but this succession of beds is 
subject to considerable change according to whatever basin a locality may be 
situated in. H. Blandford' has distinguished with much skill certain geogra- 
phically limited regions which show the succession of beds developed according 
to various types. The following are the regions adopted : I, Western Bengal ; 
II, Orissa, Sirguja, South Behar, and South Bewah ; III, the Satpura basin ; 
IV, the Godavari basin ; Y, the deposits in the neighbourhood of Madras and Tri- 
chinopoly ; YI, Kachh. The two last regions need not be noticed by us now, as 
they contain beside the plants also the remains of marine animals, and as the 
deposits occurring in them have already been treated of ; but with regard to the 
remaining divisions, it will be judicious to adopt the divisions given by H. 
Blanford, but one more province must be added. No. VII, Sikkim, as there also 
only plant beds occur. It would hardly be of any interest to enumerate all the 
innumerable sandstones, shales, conglomerates, and coal seams which compose the 
Grondwana series, and aggregate to some 12,000 feet in thickness ; it will suffice 
to represent simply the type of the deposits in the different regions. The first 
of Blanford's regions includes the carboniferous basin of the Damuda valley, the 
Bajmahal hills, and countless little coal basins, often not more than a square 
mile in extent, distributed over the gneiss plateau which extends westward from 
the lower course of the Ganges. The development of the beds in the Baniganj 
coal-field, as described by W. T. Blanford' may pass as a type for this whole 
region, with the exception of the Bajmahal hills. 

The succession of beds in that region is as f oUows. At the top lie perfectly 
unfossiliferous coarse sandstones and conglomerates about 500 feet thick ; Blanford 
calls them the " Upper Panchets," but it is hard to decide whether they should 
not perhaps be reckoned to the Bajmahal group. Below these follow the true 
Panchet beds, which consist of coarse sandstone and red shales, which pases 
down into greenish and grey clay with fine-grained sandstones. Their thickness 
is about 1,500 feet. These deposits have yielded numerous fossils, and amongst 
them are not only plant remains, but also VeriebrcUa (fishes, Dicynodan orientalise 

1 Oldluun : Becovdfl Geol. Snnr. of India, III, p. 6. 

' H. Blanford : Quart Jonrn. GeoL 8oc., London, XXXI, p. 619. 

* W. T. Blanford : Mem. Gfooi. Sorr. of India, III. 
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Hax., GhnioglyptuB longirostris^ Hnx., Pachygonia incurvatiif Hiix.> Ankistrodon, 
Bp., &c.,) and Estheria, Lower down follows the Damudagranp, whicli is dnri- 
nble into three divisions according to Blanford; uppermost lie the Baniganj 
carboniferous beds, abont 5,000 feet thick, consisting of coarse and fine-grained 
sandstones and shales, with intercalated coal seams, which may be followed over 
great distances ; fossils are common, but consist only of plant remains. In the 
middle lie the ironstone shales, about 1,400 feet thick, and consisting of black 
carbonaceous shales with numerous beds of clay ironstone. At the base lie the 
lower Damuda or Barakar beds, coarse conglomerates and white sandstones 
with numerous coal seams, which are, howeyer, rather irregular, and thin out 
frequently within short distances; they contain plant-remains, and are about 
2,000 feet thick. The lowest group recognized by Blanford is the Talchir 
group, which is composed of coarse white or bluish-green sandstones at top» 
below them of fine greenish-grey clay, which is in part sandy, then of sandy 
shales and fine-grained sandstones ; finally comes as basement the so-called 
' boulder bed,' consisting of large rounded blocks of older rocks which bear traces 
of carriage by ice, and are embedded in a fine clayey sandy matrix. Fossil plants 
occur in the upper beds of the group, but |are very rare ; the thicknesB of the 
group is about 800 feet. 

This completes the type of the deposits for the whole of Western 
Bengal, with exception of the Bajmahal hills. On these no detailed accounts 
are yet available^ ; but it is generally known that Talchir and Barakar beds are 
well developed there. Over them He coarse sandstones (Oldham's Doobraj- 
pur group), which may perhaps correspond with the Panchet group, but which 
may also have to be reckoned to the lower series. Above these follow, with 
universal unconformity, the Bajmahal beds, alternations of basalt (?) with 
sandstones and shales which contain the well-known Bajmahal plants. 

If we turn to H. Blanford's second province we see a good development 
of the lower beds. The Talchirs and Barakars occur in great force ; the Bani- 
ganj and Panchet beds appear to be absent, but the Bajmahal and Jabalpur 
groups, on the contrary, appear sporadically at several places. Of the greater 
part of this region detailed descriptions are still wanting, but the Talchir coal- 
field may be taken generally as the type.' The Talchir group is there found 
resting on primary rocks ; it begins with the highly characteristic * boulder bed,' 
above which follow fine-grained sandstones and blue shales with calcareous con- 
cretions. The total thickness of the group is from 500 to 600 feet. A lew 
plant-remains are found in the upper beds. These are succeeded upward first 
by coarse sandstones, then by shales, which attain together a thickness of about 
100 feet. These are covered by about 150 feet of carboniferous shales, above 
which come finally coarse, highly felspathic sandstones, and dark micaceous shales 



* Volame XIII of the Memoirs of the Qeologieal Suirey of India k not aa jet aocaaaible to 
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witli clay ironstone beds aggpregating abont 1,500 feet in thickness, and "wliicli 
conclude the Damuda series. 

Higher up follow, nnconformablj, conglomerates and coarse sandstones, whicb 
were originally regarded as representatives of the Mahadeva group, and which 
should perhaps still be regarded as such, but this question is hard to decide in 
tbe total absence of fossils. The thickness of this latter division ranges from 
1,500 to 2,000 feet. To the south-east of Talchir, however, unquestionable Raj- 
mahal beds appear in the Atgarh coal-field ; in South Bewah, on the contrary, 
the deposits of the Jabalpur group rest directly on the beds of the Damuda 
formation, and are of great extent and thickness. 

Of all the provinces the Satpura basin shows the most perfect series of beds. 

Medlicott^ distinguishes numerous groups which constitute the following 
series. First of a?l is the Talchir ' boulder bed,' resting on the crystalline rocks, 
above it come greenish and reddish clayey sandstones and sandy clays, also be- 
longing to the same group. On these lies the Barakar group, consisting chiefly 
of sandstones witb intercalated coal seams, and having a thickness of from 400 
to 500 feet. Higher up follows a system of shales with included sandstones, 
within which Medlicott, distinguished three groups, Motur, Bijori, and Almod. 
In the second of these remains of an Archegosaurus were discovered. Their 
total thickness is from 3,000 to 4,000 feet. These are succeeded upwards by the 
Mahadeva series, which also forms three groups : at the base, the Pachmari group, 
consisting almost entirely of sandstones, and ranging in thickness up to 8,000 
feet ; in the middle comes the Denwa group, composed of clays and sandstones, 
with occasional thin limestone beds, in all 1,200 feet thick. At the top comes 
the Bagra group, grey and red conglomerates, 800 feet in thickness. The series 
is capped by the Jabalpur group, consisting of soft sandstones 500 to 600 feet 
thick. 

Of some parts of Blanf ord's fourth province we have again very good descrip- 
lions, especially those of W. T. Blanf ord, of the neighbourhood of Nagpur.* 
Here, again, as in Bengal, Orissa, and on the Nerbudda, we have first the TiJchir 
boulder bed resting on the gneiss, but there is little more to be seen of the beds 
of that group. Above foUow chiefly hard yellow sandstones, sometimes available 
as millstones, which compose the E^amthi group. Of the age of this group, as 
oompared with the horizons recognized and described in other basins, it is very 
difficult to say anything with certainty, but it might perhaps be not quite erro- 
neous to place the Kamthis on the border of the Damuda and Panchet forma- 
tions.' Above them the fresh- water beds of the cretaceous series (the Lametas) 
are well developed. 

> MedlicoU: Mem. Qeol. Sarr. of India, X. 

' W. T. Blanford : Mem. Qeol. Smv. of India, IX, p. 295. 

> Dr. Feiatmantel, in an essay apparently published in Calcntta (witboat mention of the place 
of publication, of the printer, or of the date), desiree to have the Mangli beds, with Braehiops 
UUiceps, Owen, regarded as Panohdt, while Blanford asserts verj distinctly that those beds are 
not separable from the remainder of the Kamthis which Feistmantel assumes to be Damudas. 
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The BuooeBsion of beds on the Lower Gt)daYari, which W. T. Blanfotd and 
King have described in several papers in the Records, is more complex. The 
following tabular statement has been recently put forward by King : — 
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nls. I Kota and 
^Malezibeds. 

Sironcha sandstones. 
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The Talchirs show here as everywhere else the same lithological characters. 
Above them follow the Barakars, coarse sandstones with very few coal seams, 
which have a strong lithological resemblance to the equivalent deposits in other 
basins. The Kamthis are the first to show a differentiated development. 

The Chintalpoody sandstones are rather fine-grained, and variegated in red, 
brown and violet colors ; the Dumapett sandstones, on the contrary, are coarser 
and less iron-stained. They include rather large clay galls with plant-remains. 
The Tacherla sandstones are chiefly brownish or reddish, but their position is still 
somewhat uncertain. 

With the Sironcha sandstones we enter the region of the Upper G-ondwanas. 
They are grey and brown highly micaceous sandstones, over which come conglo- 
merates and, finally, slaty brownish-grey, violet and yellow sandstones, with plant- 
remains. A higher horizon is occupied by the red clays of Maleri, in which have 
been found Hy^erodapedon, Parasuchu8\ and GeraJtodvs hislopianus, hunterianuSf 
virajpa and ohlongus, Oldham.* The Kota limestone with remains of Aechmodus 
and L&pidotutf appears to be only a local deposit in the red clays. Hughes and 
King* have recently also discovered plant-remains in these beds. The Gondwana 
series is concluded in this province by the Childala sandstones, which are com- 
posed of brown and red iron-stained sandstones and conglomerates, and show 

^ The new work on the fossils of the Kota-Haleii beds by Egerton and Miall is also anfor- 
tnnatelj still inaccessible to me. 

s Oldham : Mem. Geol. Surv. of India, I, p. 296. 

' Quart. Joum. Geol. Soc, VIl, p. 272; IX, p. 350^ &e. 

^ Hughes : Reoords Geol. Surv. of India, IX, p. 8G. 
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generally a great likeness to the Tripetiy sandstones, but have hitherto yielded 
no traces of marine organisms. 

There remains now bnt the plant-bearing beds of Sikkim to be mentioned. 
They are grey sandstones with coai seams which protrude in no great thickness 
from below the overturned crystalline schists. Though so slightly developed 
vertically, the beds have yet a considerable horizontal extension, as they follow 
the foot of the mountains from the eastern boundary of Nepal aU through 
Sikkim. 

The age of all the several divisions of the Gk)ndwana system in relation to the 
scale accepted in Europe was till recently but very approximately determined ; 
and even still, after that so much has been settled by Feistmantel's work on the 
floras of these deposits, the discussion of this theme cannot yet be regarded as 
at an end, as, in regard to stratigraphic palsBophytology, there has been till now 
no opportunity for really foundational work. 

According to Feistmantel's publications we can set up the following synchro- 
nistic table of the divisions of the Gondwana system : — 
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The period of the Muschelkalk is entirely wanting in this table : what has 
become of it P Has really every trace disappeared in the Indian Peninsula of the 
deposits of a period during which a great series of beds was developed in the 
Himalayas? 

It is not my intention to review here all the phases which the views have 
passed through with reference to the age of the several deposits ; this much only 
appears certain, that the Talohir boulder bed with its glacial blocks must in all 
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probability be truDsferred to the end of the palaaozoic era, or even poBsiblj into 
it» and that the youngest plant beds reach np to the time of the Upper Jnra. 
For the latter fact there are positive data, as plant-bearing beds are found 
in Kachh united with others containing a very rich marine fauna. There is a series 
of beds 3,600 feet in thickness, which, as I have shown, represent the Jura from 
the Bathonian to the Portlandian in uninterrupted succession, in which eveij 
several bed is characterissed by numerous species of Cephalopoda, is succeeded by 
a series of shales and sandstones with land-plants, also some 3,000 feet 
thick, which in its turn is overlaid by Aptian beds.^ There can thus be no 
doubt about the bathrological position of the plant-bearing beds, and their age 
is thus indirectly fixed, that they must beloug to the uppermost divisions of the 
juras or the lowest divisions of the cretaceous system. Dr. Feistmantel has 
recently endeavoured to settle the age of these plant beds directly, by working 
out the fossil plant-remains, and has arrived at the astonishing result that accord- 
ing to the plant species occurring in them, these beds must be regarded as 
liassic, or at most as middle Jurassic. The age-determinations thus deduced from 
the marine fossils and the plant-remains do not agree at all, indeed they lead to 
results of considerable divergence. Each of the two age-determinations is right 
according to the present position of our knowledge, but which of the two 
approaches nearest to absolute truth can unfortunately not be decided, as for that 
purpose we should require to know the laws of development of the vegetable 
world from step to step as accurately as we know the succession of the marine 
molluscan fauna. We are here met by a contradiction that will only be solved 
by time, and perhaps in India. 

It is therefore rather difficult to understand that Dr. Feistmantel' should 
try and minimize the importance of his discovery by taking all imaginable trouble 
to explain the inadequacy of the Cephalopoda determined by me for the certain 
determination of the age of the beds, and to show that the remaining moUusca 
contained in the Oomia beds should be determined as species belonging to the 
Bath Oolite. The way in which he proceeds to do this shows, indeed, at the 
first glance, that he can hardly have ever studied and collected Jurassic faunas 
in the field, for by 9uch a proceeding as he applies, it might not be difficult to 
bring the oolites of Portland Island into the Bathonian group. He overlooks en- 
tirely that Mr. Tate, on whom he chiefly supports himself, has fallen into the same 
error, like the majority of French inquirers, in confounding the facies with the 

^ See on the sabject of Stoliczka's laboun in this direction,-:— Blanford : Records QeoL Snrv. 
of India, IX, yp. 80, 81. 

* Feistmantel : Becords Geol. Snr^. of India, IX, p. 115, &c. Jahrb. far Min. Geo!, n. Petref. 
1877, and elsewhere. Sxpressions such as, " The Jura of Kacbh was previonsly regarded as lower 
oolitic (and correctly so), etc," scattered throngh Feistmantel's letters, can onlj have been written 
with the intention, on the one hand, of discrediting Stolicska's trnly admirable surveys and his 
subdivision of the Kachh Jura, and, on the other hand, of casting doubts on my determination 
of species, for it is simply impossible that such a number of Kelloway, Oxford, Kimmeridge, and 
Portland species could, if oorrtctly detennined, be foimd occurring anywhere in the Lower 
Oolite. 
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age of the bed. Dr. Feistmantel appears to believe that I worked out the Kachh 
Cephalopoda without deig^ng to give a look to the other fossils. Bat this was 
not the case ; on the contrary, I went over all the remaining shells as well as the 
corals together with Dr. Stoliczka very closely, and we both came to the same 
conclusion, that the Gasteropoda, Pelecypoda, Brachiopoda, and Corals fully 
justified the conclusions on the age of each several bed as deduced from the 
Cephalopoda.^ It was not till then that I published, with Dr. Stoliczka's assent^ 
the tabular view given in the introduction to the Cephalopoda. 

As far as I can judge. Dr. Feistmantel appears to me to misunderstand, to 
a certain extent, the g^reat problem which awaits the phytopalseontologist in 
India, and the solution of which is certainly worthy of great sacrifices. A> 
series of floras has become known in Europe whose relative ages, have been de- 
termined either by accompanying marine fossils, or by their bathrologicaJ positions 
with reference to beds containing marine shells. But the geological series of 
these floras is not a continuous one, as in the case of the marine faunas, but a very 
imperfect one, compiled from different localities. But in India the very con- 
trary is the case. We have here before us a fragment of a very old continent on 
which, from the end of the palaeozoic epoch through all the duration of the me- 
sozoic era, fresh-water deposits containing numerous plant-remains have been 
left behind, whereby it is possible to trace the changes of the floras from step 
to step, as has been done in Europe in the case of the marine faunas. Added to 
this is the fortunate circumstance that the coast lines of this continent are still 
preserved in very many places, so that carbonaceous beds which give promise 
of the discovery of plant-remains are often intercalated between the marine 
deposits. All conditions combine so as possibly to make India a compendium 
of palaoophytology, such as England has become of the palaeontology of marine 
faxmas. But an examination of the fossil floras of India should not be begun 
by calling in question securely settled facts, such as the age-determination of the 
Kachh beds by means of the 47 European species of Cephalopoda which occur 
in their appropriate zones ; care should rather be taken to bring all imaginable 
factors into consideration, and to seek to ascertain, by minute personal collection 
in the several coal basins on the one hand, and by careful examination of the 
intermediate coaly beds in the marine formations on the other hand, facts which 
might give safe general foundations for a stratigraphic palaeophytology. 

I should not have entered so fully upon this point but for the fear that Dr. 
Feistmantel might, from his position as PalaBontologist of the Geological Survey, 
confuse for ever the palaeontology of the marine faunas of India, and thus render 
this part of the earth*s surface inaccessible for really scientific research. I shall, 
however, not allow myself to express any opinion of Dr. FeistmanteFs labour on 
fossil plants ; this may be done by more competent people than myself. 

There can be hardly any doubt that all the divisions of the Gondwana 
system which I have treated of in the foregoing pages owe their origin to inland 

* As quite correctly supposed by W. T. Blanfnrd. Records Qeol. Surr. of India, IX, p. 81. 

D 
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waters '} bat whether they were depomted by riveni or in lake basms I will leave 
undecided. 

I mnst still reier briefly to another gronp of beds not included in the Gkmd- 
wana system, which also appears to have been formed in inland baszns. These 
are the Lameta beds which were originally nnited by J. G. Medlioott with lower 
deposits, bat which were shown by W. T. Blanfbrd to be the probable fresh- 
water equivalent of the Bagh beds. They show the following section at the 
Lameta GhAt^ near Jabbnlpoor ; At the base lie dark violei or greenish shales, then 
follows loose greenish sandstone, then concretionary limestane, and finally aandy 
silicioTis limestone that forms the most characteristtc m e mber of the group. 
These silicious limestones are to be seen under the basalt at many places in South 
Be wah and along the lower course of the Nerbudda^ but their horiziontal extension 
is always very small.' They were abo shown by Blanford to occur in the neigh- 
bourhood of Nagpur,^ and appear also elsewhere in the Gkxlavari basin under 
the basaltic flows. These beds have hitherto yielded hardly anything beside 
badly preserved reptilian bones. 

In the western part of the Khasi hills are coal beds^ belonging to the ere* 
taceous period, which may perhaps there also indicate fresh-water d^iositB of 
that period. 

With the commencement of tiie tertiary era the geography of the land changes 
somewhat. Marine beds appear again south of the first crystalline axis of the 
Himalayas, for the first time since the palaoozoic era. They are nummulitic 
formations of great thickness which follow the south foot of the mountains, but 
which extend but a short distance eastward beyond the Sutlej. Wynne has 
already several times pointed out the great petrographical difPerence between the 
nummulitic beds in the Himalaya and those outside of it, but no sufficient expla- 
nation has yet been offered for this. The Himalayan deposits of the eocene 
period are remarkable for thick series of dark shales (which often appear meta- 
morphosed into true clay-slates) and grey limestones, the whole system being 
poor in fossils. These pass upward into bright red sandstones which only in 
part still appear to be of marine origin, and which may perhaps be preferably 
assigned to the oligocene. The nummulitic beds which are thus developed have, 
together with the red sandstones, been recently distinguished as the Sirmur 
group.^ This facies is found westward of the Junma along the whole south edge 

1 W. T. Blanford, Mem. Geol. Sorr. of India, IX, p. 822, says expressly : Not a single marine 
fossil has been found thronghont the great phint-bearing series from the Tdchir to the Bajmahals, 
and I cannot help thinking it most probable that all were river deposits $ the Itichirs might \tt 
Iftcnstrine, etc. 

> J. G. Medlioott t Mem. Oeol. Sarv. of Indi% II, p. 196. /Sss abo H. K Medlioott t Beooidi 
Oeol. Snrv. of India, V, p. US. 

* W. T. Blanford : Mem. Geol. Snrv. of India, IV. 

* W. T. Blanford : Mem. Geol. Snnr. of India, IX, p. 815. 

* Oldham : Mem. Geol. Snrv. of Indin, I. 

' Medlicott : Becords Geol. Swt. of India, IX. 
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of the Himalaya, in the Ghitta Pahar and the Affridi mountains. South of that 
in the Salt Range, in the district of the Luni Pathans and in Sindh, light colored 
limestones and marls with numerous fossils compose the nummulitic formation. 
A yerj interesting classification of the tertiary deposits of Sindh has been recent- 
ly put forward by W. ^. Blanford,' in whioh he distinguishes the following 
groups : 1, the Banikot group : variegated shales and sandstones, perhaps creta- 
ceous. 2, the Kirthar group (eocene) : green clays, then yellow limestones rich 
in fossils, lastly, massive white and grey limestones with many nummulites and 
alveolinfl9. 3, the Nari group (lower miocene or upper eocene) : yellow and 
brown limestones with ^umm. ^ara««tm, ^. tuhlesvigaiuiy Orbit, papyracea; 
above these thick unfossiliferous sandstones. 4, the Qaj group (miocene) : thin* 
bedded marine limestones, rich in fossils, clays and sandstones without nummu- 
lites. 5, Manchhar group (pliocene) ; days, sandstones and conglomerates, with 
a few fragments of bone, overlaid by thick conglomerates. 

Extensive nummulitic areas occur in E[achh and Kattiawar, but they require 
closer examination. Eastward of the Gulf of Gambay, a few small patches of 
BnmmuHtic rock occur at the mouth of the Taptee river. 

Semi-marine eocene beds of very limited extent occur also at the mouth of 
the Godavari inclosed between basaltic flows.' In ' Farther India' the whole west 
coast consists of nummulitic beds which extend through Arracan apparently to 
the Elhasi and (Harrow hills. The Naga hills appear also to consist in part of 
these beds, but they are wanting at the southern foot of the Eastern Himalaya. 

Deposits from inland waters of eocene age are not as yet certainly known, 
but some of the intertrappean fresh- water formations may perhaps belong to this 
period. 

The younger terfciariea occupy enormous surfaces on the western side of the 
peninsula. It is chiefly in the Himalaya that these have been closely studied, and 
there it was possible to dislbinguish several groups. In the little map I employ 
for the whole division the designation best known in Europe, that of the Siwa- 
lik beds. They were all deposited in fresh waters, and in age, as in appearance 
and mode of deposition, cannot be far distant from the Molasse-rocks of Europe. 
A narrow zone of these beds, which form generally a chain of hills, accompanies 
the southern foot of the Himalaya along its entire length. They occupy the 
Bawal Pindi plateau, follow the east foot of the Suliman Bange southward, in- 
cluding the hUly tracts between the mountains and the Indus, and appear to 
form in general throughout the whole vast region of Bajputana the subsoil out 
of which the blown sands which there cover such great tracts of land are formed. 
In the east a narrow strip of these rocks shows itsdf along the northern slope of 
the Naga hills; and along the lower course of the Irawadi they fill the basin 
of the river between the western coast ranges and the ranges of primary rocks 
in the east. In all the above named localities, excepting Bajputana, mammalian 

remains have been found. 

- 

> W. T. Blanford : Records OeoL Snrv. of India, IX, p. 9. 
* Hialop : Quart. Joom. Geol. 8oc., London, XVL 
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In the Madras region appear tertiary sandstones of nnoertain age (Cnddalore 
and Bajamundry sandstones) which I have ignored in the little map. 

To complete the pictnre of the Indian snccession of formationsy there re- 
main but a few words to saj on the bathrologicsl position of the Deocan trap, 
which occupies the entire western half of the Indian peninsula proper. There 
can be no doubt that the volcanic eruptions to which the Deccan trap owes its 
origin began already with the commencement of the Jurassic epoch, as is clearly 
shown by the alternation of trap flows with plant-bearing sandstones in the Baj- 
mahal hills. . The principal period of eruption lay within the cretaceous era, and 
chiefly about the end of it, as the Bagh beds (Upper Oreensand) are covered 
directly by flows of genuine Deccan trap.^ In Elachh the basalts rest on 
aptian beds, and are covered by nummulitics.' In Sindh also they form the 
lowest exposed rock.^ On the lower Oodavari, on the contrary, Hislop^ deter- 
mined certain fossiliferous beds, which are intercalated between the basalts, as 
lower eocene : finally, the fresh- water shells which have been described from the 
intertrappean beds of the neighbourhood of Nagpur^ have in their general " habi- 
tus" a yet far younger stamp. It would appear from all this, that the outbursts 
of eruptive rock lasted through veiy long periods, beginning perhaps with the 
close of the trias period and extending to beyond the eocene period. It is in- 
teresting to observe that this period agrees pretty closely with the period of ele- 
vation of the southern part of the Himalaya, while its marine deposits, of the 
period of the later mesozoic formations, disappeared southward of the first crys- 
talline zone, and to the south of the Indian peninsula the outlines of the conti- 
nent were subjected to constantly progressive changes through extensive irrup- 
tions. 

I have now sketched in bold outlines the succession of beds composing the 
Indian continent, with the exception of the glacial formation and alluvium. 
These two I can pass over with a clear conscience, as*they appear of no import- 
ance for the purpose of this essay. On the little map I have shown only the 
alluvia of the Ganges and Brahmaputra ; it stands to reason that the other great 
rivers are accompanied by alluvial formations; many also of the superficial 
deposits in Bajputana may have to be considered as alluvia, but with regard to 
the small scale of the map these features could be conveniently left unnoticed. 
If we look back, the following points may be deduced as chief results of the facts 
already stated :— 

I. In the palsBozoio formations the slaty facies with marine fossils occurs only 
in the north and north-west, in the Himalaya, the Salt Range, the Hindu Kush, and 
the Suliman Bange. Everything else belongs to the sandstone facies and contains 

no fossils. 

^ . 

* Blanford : Mem. Gool. Surv. of India, VI. 
^ Wyuno : Mem. Geol. Suit, of India, IX. 

8 W. T. filanford : Records QcoL Snrv. 6f India, IX, p. 9. 

* HiBlop : Quart. Journ. Geol. Soc., London, XVI. 

* Uifllop : Quart. Journ. Geol Soc, London, XI and XVI. * 
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2. Of the triassic period uneqniyocal marine beds occur in the Himalaya, bnt 
only to the north of the first crystalline zone, in Hazara, in the Salt Bange, and in 
the opposite direction in Burma. All other beds are deposits from inland 
waters, with nnmerons plant-remains. 

3. Marine beds of the Jurassic and of the lower cretaceous periods occur in 
the Himalaya north of the first crystalline zone, in the Salt Range, in Bajputana, 
and in Kachh. Sandstones containing marine fossils mixed with plant-remains 
show themselves to the west and north of Madras and in the lower Godavari 
valley. The remaining Jurassic beds are deposits from inland basins without 
marine fossils. The basaltic eruptions commence during this period. 

4. Marine beds of the upper cretaceous period occur in the Himalaya, and 
doubtfully in the Salt Range. They occur also in the Suliman Mountains and in 
Sindh, also in the basin of the Nerbudda, in the neighbourhood of Trichinopoly, 
and finally in the Khasi hills. All the other cretaceous beds are deposits from 
inland basins. The basaltic eruptions continue. 

5. In the eocene period the marine nummulitic beds extend again from the 
west as far as the Jumna. They cover the whole of Western India, are indicated 
at the mouth of the Godavari, extend north-westward up to the Garrow hills, and 
stretch all through Burma to the mouth of the Irawadi. Of the inland basin 
deposits only a few of the intertrappean beds can be here included. The basaltic 
eruptions cease about this period. 

6. The Siwalik beds are entirely of fresh-water origin, and marine deposits of 
this period are known only in Southern Sindh, in the neighbourhood of Kurrachi, 
and perhaps in Kachh and Kattiawar. 

I have endeavoured to represent graphically, on the little map annexed, some 
of the facts put forward in the above statements, and have indicated by lines the 
boundaries of the marine deposits of different epochs. On consideration of these 
boundaries, it will be seen inmiediately that India is a fragment of a veiy old 
continent whose existence extends back into probably palaeozoic times, but whose 
limits varied much at different periods. The most remarkable fact in connection 
with this is, that during the greater part of the mesozoic period, the first crystal- 
line range of the Himalaya still lay within the boundary of the continent, so that 
one would be almost inclined to consider this range as the old coast range of the 
former continent. The same thing holds good with regard to the ArvaUs, which 
also form a dam between the regions of fresh- water and marine depositions. 

The extent of the continent was, like its boundaries, a very variable one. 
Nearly every pal»ontologist who has studied carefully the geographical distribu- 
tion of animals will have been led to the conjecture of a once existent great 
continent in the southern hemisphere of our earth, as many facts can only be 
tolerably explained by the assumption of such a continent ; I need only recall 
" Lemuria," and H. F. Blanford's " Indo-Oceanic Continent." It has, however, not 
yet been attempted to connect such a deduction with particular geological facts, 
but zoo-geographical observations were relied upon in the first place, and the 
choice of geological arguments was not exactly a very happy one. 
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Oar knowledge of the distribation of &cies within the pstoosoio formations 
in southern latitudes is hardly advanced enough to allow ns to judge of palflsoaoio 
times, or to advocate the existence of a southern continent in the earlier pabaosoio 
epochs ; and they are so widely remote from us in time, that one cannot be too 
careful in regard of a decision in whatever direction it may be, but it cannot be 
denied that the course of the boundary shown in the little map might possibly 
point to a southern continent. 

With regard to the mesozoic formations, things are in a different position ; one 
moves here already on firmer ground, as neither widely extended metamorphism* 
nor denudation too greatly advanced by the length of time^ hinder the dis- 
covery of the probably once existing boundaries. 

If we first take the trias into consideration, we must regard all that lies to the 
south of the boundary shown in the little map as having been a continent at the 
time of the deposition of the trias. Although so extremely well developed north- 
ward of the first crystalline zone in the Himalaya, the trias possesses absolutely 
no beds that can be regarded as genuine littoral formations. Some of the beds 
north of the first crystalline zone which StoUczka regarded as triassic might 
possibly be viewed as such littoral formations, but in the absence of fossils the 
supposition has no support. At the present stage of our knowledge the lie of the 
boundary along the first crystalline zone is the most probable. A steeply sloping 
coast, and, in consequence of that, but small true littoral deposition, may be 
regarded as the cause of the want of such deposits ; as through the great dis- 
torbance of the bedding these deposits were exposed to such extensive destruction 
by. atmospheric agencies, that they are now entirely removed from our observa- 
tion. The triassic coast line is all the more clearly to be seen in the Salt Range, 
where, in progressing from east to west) conglomerates and sandstones with salt 
pseudomorphs gradually appear, replaced by limestones with marine fossils, but 
between which intermediate carbonaceous deposits of very uncertain extent are 
frequently intercalated. To the eastward the marine deposits of the trias appear 
to be constantly pushed up northward, and the main mass of the Himalaya 
mountains proper consists of crystalline rocks, in front of which triassic fresh- 
water beds are deposited to the southward in Sikkim. The boundary line of the 
continent &cing the sea-covered regfion in the triassic period thus traverses the 
Salt Range, then it bends northward up to the first crystalline zone of the 
Himalaya, follows that to the boundary of Nepal, and then trends pretty straightly 
eastward, following the upper course of the Brahmaputra more or less, and thus 
cuts the principal ridge of the Himalaya in a nearly diagonal direction. Whether 
xt then runs east and south in Tibet, and thus finally reaches the marine trias 
beds in Burma, or whether the latter should be brought into connection with 
the marine trias beds of " Farther India " and the Indian Archipelago, which is 
more probable, and thus belong to a different marine province from the Himalayan 
beds, must, for the present^ remain undecided. But it is certain that the 
boundary line indicates the north and east coasts of a contLnenti on which were 
deposited the triassic fresh-water beds of the Indian peninsula. 
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But we must now turn oTir attention to the formations related to these 
inland deposits. Oldham^ liad already pointed ont that the plant-remains 
contained in the sandstones of the Gk>ndwana system recall similar remains both 
in Australia and Sonth Africa, and W. T. Blanford^ has called attention to the 
similarity between the Ecca conglomerate and the Talchir boulder bed. Feist- 
manteP has treated most fully of the Australian and African formations with 
regard to their relation to the Indian beds, and gives several tabular statements 
for comparison of the two regions. He also prints a letter from the Bevd. 
Mr. Clarke about the Australian carboniferous beds in which the succession of 
beds is represented as follows :— 

(Upper beds of Tagmania, Queensland and ViotorU. 
Clarence river, Wiannmatta and Hawkesbnry beds. 
Upper beds in tbe Newcastle Coal-fields, Bowenfels. 

Marine beds (mountain limestone fauna). 

Coal-measures, with plants, of Riz Creek, Stony Creek. Greta, Mount 
Wingen, &c. (Plants of mesozoio type). 
LowBB CoAL-xilsUBBS { Marine beds, plants of Smith's Creek, Pt. Stephen's (Mountidn-Ume* 

I stone fauna, coal plants), 
t Goonoo-Goonoo. 
^Devonian. 

Of these beds Feistmantel will only allow the upper coal-measures to be 
regarded as equivalents of the Indian Damuda series ; but the reason is not 
made quite clear in his statements. This, however, affects the matter but little ; 
the chief object is, for the present, to lay stress on the fact that beds have been 
discovered in Australia which contain a flora similar to that of the Damudft 
formation. 

The agreement between India and Africa appears to be yet greater. Two 
formations have been distinguished in the latter country, the Karoo and 
IJitenhague formations. Only the first of these has to be considered with 
reference to the Indian triassic deposits. It has been divided into— 

Sternberg beds, 
Beaufort beds, 
Koonap beds, 
Ecca conglomerate. 

Blanford has already called attention to the resemblances of this last division 
to the Talchir boulder-bed ; the third has as yet yielded no fossils ; so only the 
two upper divisions remain for palsdontological comparison. They are the beds 
which yielded those remarkable saurian remains described by Owen, amongst 
which the Dicynodonts are specially noteworthy. With them plant-remains 

^ Oldham : Mem. GeoL Surr. of India, 11. 

* W. T. BUnford : Mem. Geol. Sunr. of India, IX, p. 825. 

* Feistmantel, in an essay in German, apparently published in Oalcutta, but without the mane 
of the place of pnblicatioo, or of the printer, or date of publication. 
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were also foand in the Beaufort beds, which planta agree veiy closely with the 
Indian species of the Damuda series. 

Through this great relationship of the plant-remains in the rocks of Africa* 
India and Australia^ H. Blanford was led to suppose the existence of a great 
continent, which occupied the greatest part of the Indian Ocean, and United 
Australia, India and Africa, and whose northern coast we have just been trying 
to trace in the Himalaya A union of this continent even with China would 
appear to have existed through Sikkim. To the south, Madagascar and the 
Mascarene islands were also very probably included in this continent. It is 
extremely probable that towards the close of the palasozoic epoch the greater 
part of this continent rose above the sea, and the mig^tion of the flora seems to 
have proceeded from Australia, as the appearance of OlossopterU successively in 
higher beds as one travels westward also appears to indicate. The glacial periods 
indicated by the Ta^chir boulder-bed and the Ecca conglomerate may have 
offered a barrier to the rapid advance of the flora. 

In the Jurassic period we meet with totally different circumstances. The 
coast line of this period is also entirely wanting in the Himalaya, and we can 
only conjecture from the absence of marine Jurassic formations, south of the 
first crystalline zone, that the former distribution of land and water held good 
eastward of the Jhilum as well as in the neighbourhood of Katmandu, in Nepal, 
and in Sikkim. In the Salt Range again the coast line is all the more distinct. 
The upper beds of the trias and the lower beds of the jura are here developed 
as such absolutely littoral formations (sandstones with obscure plant-remains and 
a few littoral gasteropods and bivalves) that it is extremely difficult to determine 
their age according to the fossils. Only the higher divisions of the jura show 
really marine formations, but they are still always of littoral tjrpe. To the 
southward of the Salt Bange Jurassic beds rise up above the desert sand at 
Jessulmeer. They are sandstones containing Cephalopoda and fragments of 
fossil wood, and show themselves thus to be littoral formations. The jurassica 
of Kachh are also littoral throughout, for numerous pieces of petrified wood and 
other obscure plant-remains are distributed through nearly the whole series of 
beds, which consists almost entirely of sandstones and shales, and is succeeded 
above by genuine plant-beds without marine fossils. 

The Jurassic formations on the lower Godavari, where distinct plant-remains 
appear mixed with a few marine fossils, were probably deposited at the mouths of 
rivers. The identity existing between great part of the Godavari species and 
the Kachh species appears to point to a geographical connection between the two 
regions. AU the other Jurassic deposits of the Indian peninsula are fresh- water 
deposits without marine fossils. 

I have drawn the coast line in the little map as based on the facts. Accord- 
ing to this, the connection with South Africa which I advocate for the triassic 
period has completely disappeared in the Jurassic period. The Indian continent 
terminated southward with Ceylon, but in the east it was probably connected 
with a still larger continent. 
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If we look at the diatribntion of the marine jnrafisic deposits on the east 
coast of Africa, we shall see at onoe that the connection of the Indian continent 
with the African one had ceased. It is very pleasing to see how soon my con- 
jecture that the Jurassic sea extended westward from Kachh and reached Africa 
has been confirmed, Bejrich having described a rich Cephalopodous fauna from the 
neighbourhood of Mombas, which allows of an exact recognition of the horizon 
of ^the Katrol sandstones.^ Even the qualitj of the rock consisting of richly 
ferruginous geodes, less sandy than those in Kachh, which endose the fossils, 
is alike. 

There can aJso be hardly any doubt that the marine jurassics forming in 
South Africa the upper division of the Uitenhagpie group should be corre- 
lated with the Kachh-Oomia beds. The underlying Geelhoutboom beds enclose 
Jurassic plant-remains, which are, according to Feistmantel, nearly related to the 
Bajmahal fossils, yet differ so much that a more complete geographical separation 
of the two provinces may be thereby indicated. To regard the Trigonia beds, 
with Tate, as lower oolitic, or bathonian, will, after the discoveries made in 
Kachh, hardly enter into the mind of a geologist experienced in the Jurassic rocks. 

The occurrence of Jurassic beds in Madagascar is interesting for the deter- 
mination of the distribution of the sea during the Jurassic epoch. They are 
deposited against and to westward of older rocks, and. thus indicate probably the 
western coast of a continent of which Madagascar, and possibly also the Mas- 
carene islands are remaining fragments It was the remainder of the old triassio 
continent, probably still of great extent, but having become insular already 
in the Jurassic period, for to the eastward we again meet with Jurassic marine 
beds on the western coast of Australia.' 

To the north-eastward the Indian continent was apparently connected with 
China and *' Farther India," but we must wait for further information about 
these regions from Richthofen. 

The lower cretaceous accords in its distribution closely with the upper 
jura, for which reason I have not shown them separately on the map. The 
upper cretaceous first shows a distinctly different geographical distribution, 
and must therefore be considered separately. In the north, owing to the want 
of distinctly littoral deposits, the extent of the former cretaceous can only be 
determined by the presence or absence of marine deposits. Supported by such 
rather indirect reasons, I have laid down the marine boundary of the upper 
cretaceous as running through north-west India, but perhaps in reality it extends 
much further west through Beluchistan. ' The Bagh beds in the Nerbudda region 
are, on the contrary, true littoral f oirmations ; a few Eohinoderms, Oysters, and 
Bryozoa tenant the thin deposits. Whether these Bagh beds were directly con- 
nected round Ceylon with the cretaceous beds in Trichinopoly district, or 



1 Beyrich : Siianngsber. Acad. d. W. Berlin* 1877, p. 96. 

« The fignree given by Moore (Qoart. Journ. Geol. Soc., London, XXVI, 226,) of the foflsils 
of this jnnuic region are unfortunately to indiatinct that no opinion can be formed about the 
several species. 
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whether the connerion with Madagascar and the Mascarene islands was again 
restored in the cretaceons period, can at present hardly be decided. We have 
certainly got excellent Httoral formations in the South Indian cretaceons 
beds which contain even land shells (Selicidce). The cretaceons beds of the 
Garrow hills show the same development, and it cannot be doubted that they 
were connected with the Trichinopoly beds. It appears equally certain that the 
South African cretaceous beds described by Griesbach^ owed their origin to the same 
marine basin as did the South Indian beds. We have therefore certain east and 
west coasts of the Indian continent in the cretaceous periods, and the north coast 
also will not require to be greatly changed ; the south coast, on the contrary, is un- 
certain, but I have inserted it similarly to the Jurassic coast line as questionable. 

The extension of the eocene sea in India was similar to that of the cretaceous 
sea ; it was only to the west that the sea penetrated far inland ; but how far the 
continent may have extended to the south at this period is still quite uncertain. 

After the conclusion of the eocene epoch, the sea retreated altogether from 
India ; only in the neighbourhood of Karrachi and Arracan does it appear to 
haye touched the Indian continent, so that the sea of the miocene and pliocene 
periods probably extended away to the southward. On the other hand, a nenrth- 
westerly connection of the continents probably took place with North Africa 
through Arabia, as has been abeady assumed by Huxley. 

If we look back once more, we find that the simple facts of the geographi- 
cal distribution of the formations, and the formational facies in India, allow of 
obtaining deep insight into the changeful history of the distribution of land 
and water through long periods and over a great part of the southern hemisphere 
of our earth, as India participated in all the changes^ and always formed part 
of the great southern continent which was so often broken up and then re-con- 
nected. I have in my deductions purposely left out of consideration ihe geogra- 
phical distribution of the fauna and flora of the present world-epoch, as I wished 
to move on purely geologico-paliBontologpcal ground . It may remain for other 
searchers to decide how far my deductions agree with those obtained from the zoo- 
or phyto-geographic facts. This much, however^ is certain, that H. Blanford*B 
supposition of an Indo- Oceanic continent that united Africa, India and Australia, 
and existed with few interruptions and without important changes from the end 
of the palaeozoic up to the miocene and pliocene periods, is thoroughly erroneous, 
and that such assumption is not justified by the geographical distribution of the 
marine deposits either in India or any other part of the world. 

How far the Indian continent as now established has in the course of ages 
been related to the great mountain formations to the east, north, and west as a 
block (Festlandsscholle), according to Stiss' meaning, I hope perhaps to be 
able to show in another essay. 

Explanation of thb Map. 
Although the map may to a certain extent be understood from what has been 
said above, it may not be superfluous again to emphasize those points which 

A QuATt. Joura. Qeol. Soc., XXYII, p. 5d. 
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demand closer consideration in order to appreciate justly what it has been at- 
tempted to represent. Above all, it cannot be pointed out too frequently that 
the map, although intended to give a general picture of the distribution of 
the formations in India^ has been constructed for the special purpose of showing 
the distribution of the sea and the continentB during the mesozoic period, and 
that for this reason a number of the younger superficial formations have been 
omitted entirely, specially all alluvia (with exception of the abnormally exten- 
sive aUuviaof the Ganges and Brahmaputara), also the laterite, wliichis developed 
to dich gfMfjjbhickness and extent, and further the mammaJiferous gravels of the 
Deccan, and the Cuddalore sandstone, etc. The eruptive formations, excepting 
the so-called Deccan trap, have been everywhere neglected ; and even the small 
outlier of Deccan trap which in Bajahmondry district encloses brackish water 
nummulitio beds and rests itself upon presumably cretaceous rocks, had to be 
omitted because of the small scale of the little map. The great space indicating 
the wide extension of the Siwalik beds in and to the north of the Bajputana 
desert is intended more to point out the probable once existing extension of the 
fresh-water lake in which those beds were deposited than to show the outcrop 
of rocks actually observed, as no reliable observations were available from this 
part of India. 

The two types of development existing within the limits of the mesozoic 
deposits have been indicated by stippling, in order to show at a single glance 
the distribution of the marine formations and the deposits formed in inland 
basins. 

A similar distinction has been applied to the palsBOZoic formations, without 
wishing, however, to distinguish positively here between marine and inland- 
water beds. 

The ciystalline formations shown in the map include probably a great 
period of time, and the boundary between them and the palceozoic beds is very 
fluctuating, so that many of the formations on the boundary are locally reckoned 
sometimes to the former, sometimes to the latter series. According to the ac- 
counts now existing, it is hardly possible here to draw the boundary adequately 
in every case. 

The continental boundaries laid down with dotted and broken lines have been 
explained sufBciently in the foregoing pages. 

We may now expect soon to receive further details bearing on the geological 
representation of India from W. T. Blanford's ofiB.cial map of India, which is 
now in the press. I wish further only to remark that this essay with its map 
had been completed by me long before I received the first tidings of Blanford's 
intended publication, and that its presentation to the Imperial Academy of 
Science was only delayed by circumstances which it was not in my power to 
control. 
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SuBMEROBD FoBEST ON BoMBAT Ibland. OhserooiionB by Q, £. Obmiston, EesiderU 
Engineer^ Botnbay Port Trusty daied 29th May 1878 (eommunicated by 
Oovernmeni). 

The strata exposed in the excavation for the Prince's Dock consist of the 
surface silt or hlack mud, which overlies to a depth of from 4 to 5 feet a dense 
blue claj of varying thickness (from 6 to 20 feet), but nearly level on top ; 
underneath this i^ found loam, moorum*, and rock ; the latter is very irregular 
on the surface, running at times into long narrow ridges and masses of boulders 
with soil between. The rock is soft, and consists mostly of indurated clay 
nodules imbedded in a hard matrix. Numbers of trees have been found (about 
260 up to date). Many had been overturned before being covered with the 
blue clay, but the roots were only partially torn out of the loam or moorum in 
which they grew, others were standing upright with their roots deeply planted 
in their native soil. The standing trees only extend to the sui^ace of the blue 
clay, none penetrated the muddy silt above ; and for a foot or so below the level 
of the blue clay, the timber was riddled by the Teredo navalis, or a similarly 
destructive worm. Most of the other trees also showed signs of this worm. One 
tree was found charred on one side for a short distance. The largest trunk found 
was 46 feet long and 4 feet 8 inches in girth ; some of the timber is quite sound ; 
it is of the colour of dark rose-wood, and with a straight grain. The level of 
the roots of these varied from low-water extreme spring tides to 12 feet under. 
This shows the land to have subsided at least 30 feet> as the trees must have 
grown above high-water mark. 

KOTB. — ThiB discovery of trees, in the spot on which they grew, below low-water mark in 
Bombay Island is chiefly remarkable^ becaase it shews that, in recent or snb-recent times, depres- 
sion mnst have taken place in the immediate neighbonrhood of ground which appears to have 
been raised. The Prince's Dock is on the eastern or harbour side of Bombay Island, and the 
Esplanade surrounding the fort on the western side, not a mile away from the dock, is composed 
of the rock called littoral concrete by Dr. Buist, a mass of shells, corals and sand cemented 
together by carbonate of lime. It is scarcely possible that the materials of which this rock 
consists can have been accumulated at their present elevation above the sea ; in all probability 
they formed, when first deposited, a sand bank or beach not raised above high-water mark, and as 
it is difficult to understand how elevation and depression can have occurred simultaneously 
on different sides of so small an area as Bombay Island, it is probable that the whole area has 
undergone elevation and depression alternately. If the elevation be the older movement^ then the 
Esplanade must once have been several feet higher than it now is; if the depression is older, the 
trees at Prince's Dock have been at a greater depth beneath the sea than they now are. The 
former is perhaps more probable. 

That such alternate movements of elevation and depression have taken place in Bombay Island 
was shewn by Dr. Buist' many years ago, though to a smaller extent than now appean pro- 
bable. At the same time, before the depth to which depression has extended in this case can be 
estimated, it is necessary to ascertain what kinds of trees are represented. If they be such as 
grow on land, the depression must have been greater than if they belong to such forms as Avi' 
cenwia or Bnnguxwa^ which grow some feet below high-water mark. The circumstance that the 
trees are bored by Teredo is in favour of their having grown in salt marsh, where these moUusca 
are peculiarly abundant. 

W. T. BLANPORD. 

' A local term for decomposed rock. 
* Transactious of the Bombaj Geographical Society, Vol. X, p. 177, 1857. 
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ADDITIONS TO THE MUSEUM. 

From July to Sbptembbr. 

DoNDAPUR. — Meteorite, in two pieces, weighing 6 lbs. 8 oz. 420 grs., and 5 lbs. 

13oz. 425 grs.; fell at Dondapnr, E. Lon. 83"" 58', and N. 
Lat. 26^ 56^ in the Gorakhpnr District^ on the 5th September 
1878. Presented by Hugh Fraseb, Esq., g. s. 

A series of English fossils, comprising 440 species and 985 specimens. Presented 

by B. Ltdbkkxb, Esq. 



ADDITIONS TO THE LIBRARY. 

From 1st Jult to 30th September 1878. 

Titles of Books. Donors. 

Andr^; G. G.— Bock Blasting (1878), 8vo, London. 

Dayies, D. C. — A Treatise on slate and slate qnarrying (1878), 8vo, London. 
Dayies, Wm. — Catalogue of the Pleistocene Vertebrata from Ilford, Essex, in 

the collection of Sir Antonio Brady, Kt. (1874), 8yo, 
London. 

H. Woodward, Esq. 
Dunn, E. J. — Report on the Stormberg Coal-fields (1878), flsc., Cape Town. 

Deft. Crown Lands. 

Geology of Wisconsin. Snrveys of 1873 to 1877, Vol. II, with Atlas (1877), 

8vo, Beliot. 

T. G. Chambbrlin. 
GiLLMORB, Q. A. — Practical Treatise on Limes, Hydranlic Cements and Mortars 

(1874), 8vo, New York. 
Groth, p. — Die Mineraliensammlnng der Uniyersitat Strassbu^ (1878), 4to» 

Strassbnrg. 
Johnston, Prof. J. F. W., & Cameron, Chas. A.— Elements of Agricnltoral 

Chemistiy and Geology, 10th edition (1877), 8yo, London. 
LiNTBRN, Wm. — The Mineral Surveyor and Valuer's Complete Guide (1877), 8vo, 

London. 
Pal6ontologie Fran9aise Animanz Invertebr^s, 1st Series, Terrain Jnrassiqn^ 

Hvr. 39 (1878), 8vo, Paris. 
Pal6ontologie Fran^aise, 2nd Series, Terrain Jorassiqne, Vegetauz, livr. 25 

(1878), 8vo, Paris. 
Paten's Industrial Chemistry (1878), 8vo, London. 

Boyal Society's Catalogue of Scientific Papers, Vol. VII (1877), 4to, London. 
ScHORLEMMER, C. — A Manual of the Chemistry of the Carbon Compounds (1874), 

8vo, London. 
Sfon, Ernest. — Workshop receipts for the use of Manufacturers, Mechanics, and 

Amateui'B (1878), 8yo, London. 
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Titles of Books. Donors, 

Waqnbr, E. — A Handbook of Chemical Technology, edited by Wm, Cnwkes 

(1872), 8vo, London. 
Whbblbb, Libut. Obo. M. — ^Report upon the U. S. Geographical Suireys weBt 

of the 100th meridian, Vol. IV, PaUsontology (1877), 
4to, Washington. 

Thb Authob. 

PEBIPDIGALS, SEBIALS, Ac. 

American Journal of Science and Arts, 3rd Series, Vol. XY, No. 89,^* to 2Lv!l, 

No. 91 (1878), 8vo, Newhaven. •, . 

Thb Editors. 

Annalen der Physik nnd Ghemie, New Series, VoL lY, heft 2-4 (1878), 8yo, 

Leipzig. 
Annales des Mines, 7th Series, Vol. XIII» livr. 1-3 (1878), 8to, Paris. 

L' Admins, dbs Minbs. 

Annals and Magazine of Natural History, 5th Series, Vol. I, No. 6, to II, No. 8 

(1878), 8vo, London. 

Archiv fur Naturgeschichte, Jahrg. XLIV, heft 3 (1878), 8vo, Berlin. 

AthensBum, Nos. 2642-2654 (1878), 4to, London. 

Bibliotheque Universelle et Bevue Suisse, New Series, Vol. LXII, Nos. 245-247 

(1878), 8yo, Lausanne. 
„ „ Archives des Sciences Physiques et Naturelles, New 

Series, Vol. LXII, Nos. 245-246, and LXIII, Nos. 247 

(1878), 8vo, Geneva. 

Chemical News, Vol. XXXVH, No. 968, to XXXVIII, No. 980 (1878), 4to^ 

London. 

CoUieiy Guardian, Vol. XXXV, No. 910, to XXXVI, No. 923 (1878), foL, 

London. 

Geographical Magazine, Vol. V, Nos. 1 and 6-8 (1878), Boyal 8vo, London. 

Geological Magazine, New Series, Decade 11, Vol. V, Nos. 6-8 (1878), 8vo, Lon- 
don. 

Journal de ConchyKologie, 3pd Series, Vol. XVIII, No. 2 (1878), 8vo, Paris. 

Just, Db. Lbofold. — Botanischer Jahresbericht, Jahig. IV, Abth.2 (1878), 8vo, 

Berlin. 
London, Edinbui^h, and Dublin Philosophical Magazine and Journal of Science, 

5th Series, Vol. V, No. 33, to Vol. VI, No. 35 (1878), 

8vo, London. 
Mineral Statistics of Victoria for 1877 (1878), flsc, Melbourne. 

Govt. MiNiva Dbpt. 

Mining Journal, with Supplement, Vol. XLVIII, Nos. 2233-2245 (1878), fol., 

London. 
Nature, Vol. XVIII, Nos, 450-462 (1878), 4to, London. 
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Nenee Jahrbuch fur Mineralogiey Gteologie nnd Pakaontologie, Jalirg. 1878, heft 

6-7 (1878), 8vo, Stattgart. 
Petebmank, Db. a. — Qeograpliisclie Mittheilnngen, Band XXIV, Nob. 7-8 

(1878), 4to, Gotha. 
„ ,1 GeograpMsclie Mitiheilmigen, Supplement, No. LY (1878), 

4to, Gotha. 

Professional Papers on Indian Engineering, 2nd Series, Vol. Yll, No. 29 (1878), 

8yo, Boorkee. 

Thomasok College of Ciyil ENoiKEBBiNa. 

Qnarfcerly Journal of Microscopical Science, New Series, No. LXXT (1878), 8yo, 

London. 

Quarterly Journal of Science, No. LIX (1878), 8yo, London. 

Reports of the Mining Surveyors and Begistrars for quarters ending 3l8t Decem- 
ber 1878 and Slst March 1878 (1877-78), flsc, Melbourne. 

Govt. Mining Dept. 

GOVERNMENT SELECTIONS, Ac. 

Madbas. — Report on the administration of the Madras Presidency during the 

year 1876-77 (1878), 8vo, Madras. 

Madbas Govebnment. 

TRANSACTIONS, PROCEEDINGS, Ac, OP SOCIETIES. 

Basel. — Abhandlungen der Schweizerischen Palaontologischen Gesellschaft^ Vol. 

IV (1877), 4to, Basel. 
Batavu.— Natuurkundig Tijdschrift voor Nederlandsch-Indie, Deel XXXVII 

(1877), 8vo, Batavia. 

The Society. 

Beblin. — Annalea de la Soci^ G&>logique de Belgique, Vols. II and III (1875 

and 1876), 8yo, Berlin. 

The Society. 

„ Monatsbericht der k. Preussis^Aen Academie, March to June (1878), 

SyOj Berlin. 

The Academy. 
„ Zeitschrift der Deutschen G^ologischen Oesellschaft^ Band "T^TCTC^ 

heft 1-2 (1878), 8vo, Berlin. 

The Society. 
„ Zeitschrift fiir die Gesammten Naturwissenschaften, heft 1-6 (1877), 

8vo, Berlin. 

Boston. — ^Memoirs of the Boston Society of Natural History, Vol. II, pt. 4, No. 6 

(1878), 4to, Boston. 

The Society. 
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Boston.— Prooeedings of the Boston Society of NatnnJ History, Vol. XIX, 

pts. 1-2 (1877), 8vo, Boston. 

Thb Society. 

Breslau. — Yiemndfunizigster Jahres-Bericlit der ScHesisclien Oesellschaft fiir 

vaterlandisclie cnltur, 1876 (1877), 8yo, Breslau. 

The Society. 

Bristol. — Proceedings of the Bristol Naturalists' Society, New Series, Vol. II, 

pt. 2 (1878), 8yo, Bristol. 

The Society. 

Brussels. — Bulletin de la Soci6t6 Beige de Otograplde, Nos. 2-3 (1878), 8to, 

Bmxelles. 

The Society. 

Cash. — ^Bulletin de la Soci6t6 Linnfenne de Normandie, 2nd Series, Vols. lY 

to VIII (1870-74), 8vo, Caen. 

The Society. 

Oalcutta. — Journal of the Agricultural and Horticultural Society of India, New 

Series, Vol. V, pt. 4 (1878), 8vo, Calcutta. 

The Society. 

„ Journal of the Asiatic Society of Bengal, New Series, Vol. XL VII, 

pt. 1, No. 1 ; and pt. II, No. 2 (1878), 8vo, Calcutta. 

The Society. 

„ Proceedings of the Asiatic Society of Bengal, Nos. 6-8 (1878), 8yo, 

Calcutta. 

The Society. 

CoPEMHAQEN. — OYcrsigt oTcr det kong. danske Videnskabemes Selskabs, No. 3 

(1876), and Nos. 1 and 3 (1877), 8vo, Copenhagen. 

The AcADEiffY. 

Davenport, Iowa.— Proceedings of the Davenport Academy of Natural Sciences. 

Vol. II, pt. 1 (1877), 8vo, Davenport. 

The Academy. 

Dresden. — Leopoldina, Jahrg. 1876, heft XI (1876), 4to, Dresden. 

Leopol.-Carol. Academy. 

Verhandlungen der kais. Leopoldinisch-Carolinisch Deutschen Aka- 
demie der Naturforscher, Band XXXVHI (1876), 4to, 

Dresden. 

Leopol.-Carol. Academy. 

Glasgow.— Glasgow University Calendar for 1878-79 (1878), 8vo, Glasgow. 

The University. 

GoTTiNOEM.— Abhandlungen der k. G^sellschaft der Wissenschaften zu Gottingen, 

Band XXII (1877), 4ito, Gottingen. 

The Society. 

yp Nachriohten von der k. Gesellschaft der Wissenschaften aus dem 

Jahre 1877 (1877), 8vo, Gottingen. 

The Society. 
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LiYiBPOOL. — ProoeediDgs of the Liyerpool Geological Society, Vol. Ill, pt. 3 

(1877), 8vo, Livexpool. 

Thb Society. 

LovDOR. Bbitish Museum : Dobsok, O. E. — Gatalogae of the Ohiroptera in the 

British Mnsemn (1878), 8vo, LondoD. 

British Musium. 
„ British Museum : Dobsok, O. E. — Guide to the Exhibition Booms of 

the Departments of Natural History and Antiquities in 
the British Museum (1878), Sro, London. 

British Museum. 

Jonrmd of the Anthropological Institnte of Great Britain and Ireland, 
VoL VII, No. 4 (1878), 8vo, London. 

Journal of the Linnean Society of London, Zoology, Vol. Xm, No. 72, 
and VoL XIV, Nos. 73.74 ; Botany, Vol. XVI, Nos. 93-97 
(1878), 8to, London. 

The Society. 

», Transactions of the Linnean Society, Vols. XXIII (1860) to XXV 

(1866), XXVI, pts. 1, 3 and 4 (1868) to XXVIH, pts. 
1-2 (1872) ; Index to Vols. I to XXV, and 2nd Series, 
Botany, Vol. I, pt. 6 ; Zoology, Vol I, pts. 6-6 (1878), 
4to, London, 

The Society. 

„ Transactions of the Linnean Society of London, Vols. XXI and XXII, 

(1852-59), 4to, London. 

„ Journal of Ihe Boyal G^eographical Society,. Vol. XLVII (1877), 8vo, 

London. 

The Society. 

yy Proceedings of the Boyal Geographical Socieiy, Vol. XXII, Nos. 3-5 

(1878), 8vo, London. 

The Society. 

^ Proceedings of the Boyal Society of London, VoL XXVII, Nos. 187-188 

(1878), 8vo, London. 

The Society. 

,y Proceedings of the Zoological Society of London for 1878, pts. I and II 

(1878), 8vo, London. 

The Society, 

,y Transactiona of the Zoological Society of London, Vol. X, pts. 6-9 

(1878), 4to, London. 

The Society. 

Quarterly Journal of the Geological Society of London, Vol. XXXFV 
pt. II, No. 134, and pt. Ill, No. 135 (1878), 8vo, London. 

The Society. 
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Madbip.— Boletm de la Sodedad GeograBca de Ufidrid, YoL I (1877) to IV. 

ptB. 1-4 (1878), 8yo, Madrid. 

Thb Socutt. 

S(urNsa>ous.*-Bnlletiii of the liiimeBota Academy of NatnnJ Sdenoee, pp. 197- 

to 323 (1877), 8vo» Miiuifiapolia. 

Ths Acadbxt. 

MoflCOU.-^Bulktui de la Sod^ Ixnpdriale des KatnraliBteB de Mooeow, Yd. LII, 

No8. 34 (1877), 8yo, Moeoon. 

Ths Socutt. 

MOsCHiJr.*««pAb]iandlimgen def Math. Phys. Glasse der konig. Bayer Akademie 

der WifWftiMohaften, Band XIII, Abik. 1 ^878), 4to, 
MUncken. 

Thb AcADurr. 

^ AlisaiiaDk der k. Bayer. Akad. der WisBeneokaften fUr 1878 (1878)» 

8yOy MUncken. 

Dmo. 

,y Beetimnmng der Oeograpkisoken Bmto der kgl^ EUemivBirte bei 

MimdkMi (1877), 4to, Miinoken. 

Ditto. 
y, Die QeognoBtiseke DnrckforBobniig Bayems (1877), 4to, MUncken. 

DlTTO^ 

,i' Meteorolog^ke and {Biagnetiacke Beobacktnngen der k. Stemwart» 

bei Miinokeo, Jakrg. 1877 (1878), 8to, Mtecken. 

Ditto. 

„ Sitzungsberickte der matk. pkys. claase der k. b. Akademie der Wia- 

sensckaften, 1876, keft 3, and 1877, keft 1 to 3, 8yo, 
MUncken. 

Ditto. 

Pabis."— Bulletin de la SodM G&)Iogiqve de France, 3rd Seriee, Yol. Y, No. 9. 

and Vol. YI, No. 3 (1878), 8yo, Paria. 

Thb Socibtt. 

Pehcancb. — Boyai Geological Sodety of Cornwall: Annual Reports, Nob. XXVIII, 

XXIX, XXXI to XLIV, and XLYI to LXII (1841.76), 
8yo, Penzance. 

Thb Socibtt. 

,4 TransactionB of tke Royal Oeologpcal Sodety of Cornwall, Yol. IX, 

pt. 1 (1875), 8yo, Penzance. 

Ditto. 

Philadblphia.— • Journal of tke Franklin Institute, 3rd Series, Vol. LXXY, 

No. 6, and LXXVI, Nos. 1-2 (1878), 8vo, Pkiladelpkia. 

Thb Ibstitvtb. 
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Philapxlphu.— Proceedix^ of the Academy of Natural Sdbnoea, pta. I — III 

(1877), 8vo, Philadelphia. 

Thi Aoadsmt. 

,, Proceedings of the American Philosophical Sociefy, YoL XVII, 

No. 100 (1877), 8vo, Philadelphia. 

Thi SociiTT. 

Pisa.— Atti della Society Toscana di Science Natorali, YoL III, flso. 2 (1878), 

8yo, Pisa. 

The Society. 

„ Processi Yerbali Society Toscana di Science Natorali, pp. XXY to XXXY 

(1878), 8vo, Pisa. 

The Society. 

Rome. — Attii della B. Accademia dei Linoei, Memorie, 3rd Seriee, Yol. I (1877), 

4to, Rome. 

The Academy. 

„ Atti della B. Accademia dei Lincei» Transnnti, 3rd Series, Yol. U 

(1878), 8vo, Bome. 

The Academy. 

„ Bolletino B. Comitate Qeologico d^talia, Nos. 3^ (1878), 8yo, Bome. 

The Commissiok. 
Salem Mass.— Bnlletin of the Essex Institute, Yol. IX (1878), 8yo, Salem. 

The Institute. 
StogkboiiM : Ahgbus, N. P. — ^loonogtaphia Crinmdeoniinin stratis Sneoiso Silu* 

ricis foflsiHun (1878), Sto^ HohnisB. 

BoYAL Acad., Stockholm. 

Gqmjblius, Otto. — Om MalleirBti^ Sveriges Olaciala Bildningar 
(1876), 8yo, Stookhohn. 

BoTAL Academy, Swedem. 

LuTKABssoM, G. — Ofversigt af Nerikes Ofreigangs-bildningar (1875). 
8yo, Stockholm. 

BoYAL Academy, Swedek. 

Nathobst, a. G.— Nja Fjndorter for Arktiska Y&ztlemningar i 

Skane (1877), 8to, Stookhohn. 

BoYAL Academy, Swedev. 
^, „ „ Om en Cycad&otte (1875), 8yo, Stookhohn. 

BoYAL Academy, Swedek. 
„ Saktesson, H. — Eemiska Bergartsanalyser (1877), 8yo, Stockholm. 

BoYAL Academy, Sweden. 

„ Syeriges C^logiska Undersokning, Nos. 57-62, and Kape (1877), 

8yo, Stockholm. 

BoYAL Academy, Swbdev. 
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Stockholm. — Sveriges Cbdogiaka Undersblmiiig, Nos. 1-3 (1877), Svo, Stockholm. 

BOTAL ACADEMT, SWSDBK. 

ft ToBSLL Otto. — Snr les traces lea plus anciennes do Texistenoe de 

rhomme en Suede (1876), 8yo, Stockholm. 

BOTAL ACIDBMT, SwiDSH. 

„ 9, TJnders5kxiixigar Ofver Istiden (1873), 8yo, Stock- 

holm. 

BOTAL ACIDSMT, SwBDBH. 

Stuttgart. — ^Wiiittemfaergisohe Natnrwissenschaltliche Jahreshefte^ Jahi^g. 

XXXIV, heft 1-3 (1878), 8vo, Stuttgart. 
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